(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



iniiiiiiiiiiiiiiii 

(11) EP 0 678 522 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
02.01.2002 Bulletin 2002/01 

(21) Application number 95200804.3 

(22) Date of filing: 06.02.1990 



(51) Intel. 7 : C07K 14/62, A61K 38/28 



(54) Insulin analogs 

Insulinanaloge 
Analogues d'insuline 



(84) Designated Contracting States: 
DE DK ES FRGBITNL 

(30) Priority: 09.02.1989 US 308352 
04.08.1989 US 388201 

(43) Date of publication of application: 
25.10.1995 Bulletin 1995/43 

(62) Document numbers) of the earlier applications) in 
accordance with Art. 76 EPC: 
90301224.3/0 383472 

(73) Proprietor ELI LILLY AND COMPANY 
Indianapolis, Indiana 46285 (US) 

(72) Inventors: 

• Chance, Ronald Eugene 
Westfleldp Indiana 46074 (US) 

• Dlmarchl, Richard Dennis 
Carmel, Indiana 46033 (US) 

• Frank, Bruce Hill 
Indianapolis, Indiana 46260 (US) 



m 

a 

m 
oo 

e 

£L 

LU 



• Shields, James Edwin 
Noblesville, Indiana 46060 (US) 

(74) Representative: Denholm, Anna Marie et al 
Ell Lilly and Company Limited, Lllll Research 
Centre, Eri Wood Manor 
Windlesham Surrey CU20 6PH (GB) 



(56) References cited: 
EP-Ar 0195 691 



EP-Ar 0 397 420 



* PROTEIN ENGINEERING, EYNSHAM, OXFORD, 
GB vol. 1 , no. 3, June 1987, page 238 J- BRANGE 
ET AL: 'Monomelic Insulins by protein 



♦ POSTGRADUATE MEDICAL JOURNAL vol. 64 
suppl. 3, 1988, LONDON, GB, page 18 J. BRANGE 
ET AL.: Insulin analogues with reduced 
association tendency: biological activity and 
absorption rats after subcutaneous 



Note: Within nine months from trie publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement It shall not be deemed to have been filed until the opposition fee has been paid. (Art 
99(1) European Patent Convention). 



Printed by Jouv*. 75001 PARIS <FR) 



EP 0 678 522 B1 

Description 

[0001] The present invention relates to analogs of insulin modified at amino acid position 29 of the native human 
insulin B chain and optionally at other positions. Said insulin analogs are less prone to dimerization or self-association 
s to higher molecular weight forms thereby possessing a comparatively more rapid onset of activity while retaining the 
biological activity of native human insulin. 

[0002] The present invention provides insulin analogs of the formula 

10 NH 2 
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He 2 

is | CHAIN A (I) 
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40 wherein A21 is alanine, asparagine, asparrJc acid, glutamine, glutamic add, glycine, threonine, or serine; B1 is phe- 
nylalanine, asparrJc acid, or is absent; B2 Is valine or may be absent when B1 is absent; B3 Is asparagine or aspartJc 
acid; B9 is serine or asparrjc acid; B10 is histid'me or aspartJc acid; B28 Is any amino acid, B29 is L-proline, D-proline, 
D-hydroxyproline or L-hydroxyproline; B30 is alanine, threonine or is absent; Z is -OH, -NHj, -OCHg, or -OCHjCH^ X 
is Arg, Arg-Arg, Lys, Lys-Lys, Arg-Lys, Lys-Arg, or is absent; and Y may be present only when X is present and, if 

46 present, is Glu or an amino acid sequence which comprises all or a portion of the sequence -GIu-Ala-G I u-Asp-Leu- 
Gtn-Val^ly^n-Val-Glu-Leu-Gry^ 

Arg- and which begins at the NMerminus Glu of such sequence; 

provided that when A21 is asparagine, B1 is phenylalanine, B2 is valine, B3 is asparagine, B9 is serine, B10 is 
so histidine, B27 is threonine, B28 is lysine, B29 is L-proline, B30 Is threonine, X is absent and Y is absent, then Z Is 

-NH 2 , -OCH 3 or-OCH z CH 3 ; 
or a pharmaceuticalry acceptable salt thereof. 

[0003] The insulin analogs of formula I are useful in treating hyperglycemia by administering to a patient in need 
55 thereof an effective amount of the analog. Further, pharmaceutical compositions containing an effective amount of an 
insulin analog of formula I in combination with one or more pharmaceutical^ acceptable exclpients ere disclosed and 
claimed. 

[0004] The figures provided herein are not drawn exactly to scale. 
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[0005] Figure 1 - A restriction site and function map of piasmid pKC283. 

[0006] Figure 2 - A restriction site and function map of piasmid pKC283PX. 

[0007] Figure 3 - A restriction site and function map of piasmid pKC283-L. 

[0008] Figure 4 - A restriction site and function map of piasmid pKC263-LB. 

5 [0009] Figure 5 - A restriction site and function map of piasmid pKC283-PRS. 

[001 (Q Figure 6 - A restriction site and function map of piasmid pL32. 

[001 1] Figure 7 - A restriction site and function map of piasmid pNM789. 

[0012] Figure 8 - A schematic outline of the construction of piasmid 120. 

[0013] Figure 9 - A restriction site and function map of piasmid pL47. 

10 [0014] Figure 10 - A restriction site and function map of piasmid pPR12. 

[001 5] Figure 1 1 - A restriction site and function map of piasmid pPR1 2AR1 . 

[001 6] Figure 12 -A restriction site and function map of piasmid pL110. 

[0017] Rgure 13 -A schematic outline of the construction of piasmid pL110C. 

[0018] Figure 14 - A restriction site and function map of piasmid pCZR126S. 

15 [0019] Rgure 15 - The nucleotide sequence of the synthetic human proinsuGn { 

[0020] Rgure 16 - A restriction site and function map of piasmid pRB145. 

[0021] Rgure 17 - A restriction site and function map of piasmid pRB164A. 

[0022] Rgure 18 - A restriction site and function map of piasmid pRB172. 

[0023] Rgure 1 9 - A restriction site and function map of piasmid pRB1 73. 

20 [0024] Rgure 20 - A restriction site and function map of piasmid pRB175. 

[0025] Formula I is a short-hand representation of the amino acid sequence of the insulin analogs of the present 

invention. The amino acid abbreviations have the following conventional meanings: 
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SO 



ADDreviarion 


Amino acio 


Aba 


orAminobutyricacid 


Ala 


Alanine 


Arg 


Arginine 


Asn 


Asparagine 


Asp 


Aspartlc acid 


Cya 


Cysteic acid 


Cys 


Cysteine 


Gin 


Glutamine 


Ghj 


Glutamic acid 


Gly 


Glycine 


His 


Histkflne 


lie 


isoleucine 


Leu 


Leucine 


Lys 


Lysine 


Met 


Methionine 


Nle 


Norleucine 


Ntva 


Norvaline 


Om 


Ornithine 


Phe 


Phenylalanine 


Pro 


Proline 


Ser 


Serine 


Thr 


Threonine 


Tip 


Tryptophan 


TVr 


Tyrosine 


val 


Valine 



55 



[0026] B28 may be any natural or non-natu rally occurring amino add. Preferably, said amino acid is espartic acid, 
valine, leucine, isoleucine, norleucine, proline, arginine, histkJine, citruiline, ornithine, lysine, phenylalanine, alanine or 
glycine. Of the above amino acids, a particularly preferred subgroup thereof is asparticacid, valine, leucine, isoleucine, 
norleucine, proline, arginine, histidine, ornithine or lysine. Lysine Is the most particularly preferred amino acid at B26. 
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B29 is L-proline, D-proline, C^hydroxyproline or L-hydroxyproline. A particularly preferred insulin analog of the present 
invention is one wherein B28 is lysine and B29 is proline, i.e., Bn inversion of the native human insulin amino acid 
sequence at positions 28 and 29 of the B-chain. 

[0027] Further modifications of the insulin analogs of the present invention are also contemplated hereunder, i.e., 
s modifications to the insulin analogs at positions other than at positions B28 and B29. Specifically, it may be desirable 
to optionally substitute the Asn residue from position 21 of the A chain (i.e., the carboxy terminus) with Ala, Asp, Gin, 
Giu, Gly, Thr or Ser, and, if so substituted, preferably with Ala. Similarly, it may be desirable to substitute the Asn 
residue at position 3 of the B-chaln with aspartlc acid (Asp). Such optional substitutions have the effect of increasing 
the stability of the analogs at pH extremes since Asn is particularly sensitive to deamidation and rearrangement reac- 
w tjons at both low and high pH. The skilled artisan will also readily appreciate that the glutemine residues of the insulin 
analogs may similarly be sensitive to deamidation and rearrangement Accordingly, the substitution therefor by glutamic 
acid is also within the scope of the present invention. Additional, optional modifications to the insulin analogs of the 
present Invention Include (in any combination) replacement of the hlstidine residue at position B10 with the amino acid 
aspartic acid; replacement of the phenylalanine residue at position B1 with aspartic acid; replacement of the threonine 
is residue at position B30 with alanine; replacement of the serine residue at position B9 with aspartic acid; deletion of 
amino acids at position B1 (des-B1) alone or in combination with a deletion at position B2 (des-B2); and deletion of 
threonine from position B-30 (des-B30). 

[0028] The insulin analogs of this invention may also be modified at the B30 terminus by addition of any of the 
following amino acids or dipeptides: Arg, Arg-Arg, Lys, Lys-Lys. Arg-Lys, or Lys^Arg. These, when present, are deslg- 
20 nated In Formula I by the group X Preferably, when such an extension is present, it is Arg-Arg. 

[002?] In addition, should the foregoing extension at B30 be present, the analog may be further modified by addition 
atthe resulting B30-tengthened terminus of glutamic acid (Glu) orof an amino acid sequence comprising all ora portion 
of the sequence ^lu-Ala^lu-Asp-L^u-Gln-Val-G^ 

Leu-Ala-Leu-Glu-Gly-Ser-Leu-Gln-Lys-Arg-, which sequence begins at its N-terminus Glu. This amino acid or se- 
25 quence. when present, is designated in Formula I by the group Y. When the sequence represents only a portion of the 
foregoing, it will be any of those portions which begin at the N-terminus of the sequence, i.e., at the glutamic acid (Glu) 
residue. 

[0030] In the foregoing, X or the combination of X and Y represents all or a portion of the connecting peptide found 
in human proinsulin, a molecule which is the biological precursor in the formation of native human insulin. 
30 [0031] Preferred sequences for Y are: 

- Giu^a^lu-Asp-Leu-Gln-Val-Gly^^ 
Glu-Gly-Ser-Leu-Gln-Lys-Arg-; 

- GlurAla-Glu-Asp4-eu-Gln-Val^ly<3ln-^ 
9$ Glu-Gly-Ser-Leu-Gln-Lys-; 

- Giu^a^li^Asp-Leu-GIr^Val-Gly-G^ 
Gtu-Gry-Ser-Leu-GIn-; 

■ Glu-Ala^lu-Asp-Leu-Gln-Val-G^ 
Glu-; 

40 - Glu^a-Glu-Asp-Leu^ln-Val^ and 

- GhJ-Ala-Glu-Asp-Leu-GIn-Val-Gry-Gln-Val-Glu-. 

[0032] in addition, whether X alone or X and Y together are present or absent, the terminus group Z may be any of 
the following: -OH, -NH* -OCH 3 , or -OCHjCHg. Preferably, Z is -OH. 
46 [0033] As mentioned hereinabove, the invention includes pharmaceuticaDy acceptable salts of the insulin analogs. 
Preferred such salts are those of zinc, sodium, potassium, magnesium, or calcium. 

[0034] The insulin analogs of this invention can be prepared by any of a variety of recognized peptide synthesis 
techniques including classical (solution) methods, solid-phase methods, semisynthetic methods and the more recently 
available recombinant DNA methods, 
so [0035] In the solid-phase technique, 1he amino acid sequence is constructed sequentially from an initial, insoluble, 
resin-supported C-termlnal amino acid. Techniques for the solid phase method are described by J. Stewart etei., Solid- 
Phase Peptide Synthesis, Freeman and Co., San Francisco, 1969. 

[0036] In general, in the solid-phase method, the amino acid corresponding to the C-terrrrinal amino acid residue of 
the desired peptide is anchored to an insoluble resin support, and the peptide chain then is formed beginning at the 
55 resin-supported C-termirtal amino acid, individual amino acids are introduced sequentially until the desired amino acid 
sequence is obtained. Alternatively, small peptide fragments can be prepared and introduced into the peptide chain in 
the desired order. The peptide chain remains attached to the resin throughout synthesis, and, upon completion of the 
chain, the peptide is cleaved from the resin. 
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[0037] The peptide chain is attached to the polystyrene resin by means of an ester linkage formed between the 
carboxyl group of the C-terminal moiety and a specific methylene group present on the resin matrix as a site for such 
attachment. 

[0038] The amino acids are coupled using techniques well known in the art for the formation of peptide bonds. One 
5 method involves converting the amino acid to a derivative that will render the carboxyl group mere susceptible to 
reaction with the free N^erminal amino group of the peptide fragment. For example, the amino acid can be converted 
to a mixed anhydride by reaction of a protected amino acid with ethyl chloroformate, phenyl chloroformate, sec-butyl 
chloroformate, or isobutyl chloroformate. Alternatively, the amino acid can be converted to an active ester such as a 
2,4,5-trichlorophenyl ester, a perrtacWorophenyl ester, a rj-nitrophenyl ester, a N-hydroxysuccinimide ester, or an ester 
10 formed from 1 -hydroxybenzotriazole. 

[0039] Another coupling method involves use of a suitable coupling agent, such as N.N'-dicyciohexylcarbodimide 
(DCC) or N.N'-diisopropytearbodiimide (DIC). Other appropriate coupDng agents will be apparent to those skilled in the 
art. See Schroder and Lubke, The Peptides, Academic Press, 1965, Chapter III which is Incorporated herein by refer- 
ence. 

15 [0040] It should be recognized that the a-amino group of each amino acid employed in the peptide synthesis must 
be protected during the coupling reaction to prevent side reactions involving the reactive a-amino function. It should 
also be recognized that certain amino acids contain reactive side-chain functional groups (e.g., sulfhydryl, e-amino, 
and y-carboxyt, imidazole, guanldo and hydroxyl), and that such functional groups must also be protected both during 
the initial and subsequent coupling steps. Suitable protecting groups are known In the art. See for example, Protective 

20 Groups In Organic Chemistry , M. McOrnie, Editor, Plenum Press, N.Y., 1S73 and U.S. Patent 4,617,149 which Is in- 
corporated herein by reference. 

[0041] In selecting a particular protecting group, certain conditions must be observed. An a-arrdrto protecting group 
(1) must render the a-amino function inert under the conditions employed in the coupling reaction, (2) must be readily 
removable after the coupling reaction under conditions that will not remove side chain protecting groups and will not 

26 alter the structure of the peptide fragment, and (3) must eliminate the possibility of raoemization upon activation im- 
mediately prior to coupling. A side chain protecting group (1) must render the side chain functional group inert under 
the conditions employed in the coupling reaction, (2) must be stable under the conditions employed in removing the 
aramino protecting group, and (3) must be readily removable upon completion of the desired amino acid sequence 
under reaction conditions that wfll not alter the structure of the peptide chain. 

30 [0042] It will be apparent to those skilled in the art that the protecting groups known to be useful for peptide synthesis 
will vary in reactivity to the agents employed fbrtheir removal. For example, certain protecting groups, such as triphenyl 
methyl and 2^-biphenylyOisopropyloxycarbonyl are very labile and can be cleaved under mild acid conditions. Other 
protecting groups, such as t-butyloxycarbcnyl, t-amyloxycarbonyl, adamantyloxycarbonyl, and pj-methoxybenzyloxy- 
carbonyl, are less labile and require moderately strong adds, such as trifluoroaoetic, hydrochloric, or boron trifluorkJe 

35 in acetic acid, for their removal. StiD other protecting groups, such as benzyloxycarbonyl, haiobenzyioxycarbonyl, £- 
nitrobenzyioxycarbonyl, cycloalkyloxycarbonyl, and isopropyloxycarbonyl, are even less labile and require stronger 
acids, such as hydrogen fluoride, hydrogen bromide, or boron trifluoroaeetate in trifluoroacetic acid, for their removal. 
[0043] Upon completion of the desired peptide sequence, the protected peptide must be cleaved from the resin 
support, and all protecting groups must be removed. The cleavage reaction and removal of the protecting groups may 

40 be accomplished simultaneously or stepwise. When the resin support Is a chtoromethylated polystyrene resin, the bond 
anchoring the peptide to the resin Is an ester linkage formed between the free carboxyl group of the C-terminal moiety 
and one of the many chtoromethyi groups present on the resin matrix. It will be recognized that the anchoring bond 
can be cleaved by reagents which are known to be capable of breaking an ester linkage and of penetrating the resin 
matrix. One especially convenient method is by treatment with liquid anhydrous hydrogen fluoride. This reagent not 

4* only will cleave the peptide from the resin but win also remove all protecting groups. Hence, use of this reagent will 
directly afford the fuDy deprotected peptide. When it is desired to cleave the peptide without removing protecting groups, 
the protected peptide-resin can undergo methanolysis to give the protected peptide in which the C-terminal carboxyl 
group is methylated. The methyl ester can then be hydrdyzed under mild, alkaline conditions to give the free C-terminal 
carboxyl. The protecting groups on the peptide chain then can be removed by treatment with a strong acid, such as 

so liquid hydrogen fluoride. A particularly useful technique for methanolysis is that of G. Moore et aL, Peptides, Proc. 5th 
Amer. Pept. Symp., M. Goodman and J. Melenhofer, Eds., John Wiley, N.Y., 1977, pp. 51 8-521 , in which the protected 
peptide-resin is treated with methanol and potassium cyanide in the presence of crown ether. 
[0044] Another method for cleaving the protected peptide from the resin is by ammonoiysfe or by treatment with 
hydrazine. If desired, the resulting Oterminal amide or hydrazide can be hydrolyzed to the free C-terminal carboxyl, 

55 and the protecting groups can be removed conventionally. 

[0045] It wfll also be recognized that the protecting group present on the N-terminal a-emino group may be removed 
preferentially either before or simultaneous with the cleavage of the protected peptide from the resin support 
[0046] The A and B chains of the insulin analogs of the present invention can also be prepared via recombinant DNA 
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methodology. In their preparation, a nucleotide sequence coding forthe desired peptide of the A or B chain is prepared 
using now-routine techniques for such synthesis. These methods generally involve preparation of oligonucleotides 
coding both for fragments of the desired coding sequence and for the complementary sequence thereof. The oligonu- 
cleotides are designed to provide overlap of one fragment of the coding sequence with two fragments of the comple- 
s mentary sequence and vice versa. The oligonucleotides are paired and joined, ultimately producing the desired gene 
sequence. 

[0047] The sequence Is inserted into a cloning vector at a location which permits the peptide product for which It 
codes to be expressed. A suitable cloning vector contains at least a portion of a gene's expression control sequence. 
[0048] The A and B chains of the insulin analogs of the present invention may also be prepared via a proinsulirHike 

10 precursor molecule using recombinant DNA techniques. See Frank et al., Peptides: Synthesis^tnicture-Function. 
Proa Seventh Am. Pept Symp., Eds. D. Rich and E. Gross (1981) which is incorporated herein by reference. 
[0049] The step of combining the individual A and B chains, however produced, may be achieved by the method of 
Chance et al., Peptldes:Synthesls, Structure and Function:Proc. of Seventh American Peptide Symposium (1981) 
which is incorporated herein by reference. 

15 [0050] The following examples are provided as a means of illustrating the present invention and are not to be con- 
strued as a limitation thereon. 

Example 1 

20 Lys(B28), Pro(B29) Human Insulin 

A. Preparation of Recombinant-Derived A Chain 

[0051] Human insulin A-chain was prepared via recombinant DNA technology from the chemical synthesis of the 
26 gene encoding the A-chain and the expression thereof in E. colL Briefly, the gene for the A-chain was synthesized from 
various trinucleotides into synthetic fragments, deca-to pentadecanucleotides in length, by a block phosphotriester 
method. The gene had single-stranded cohesive termini for the Eco R I and Bam HI restriction endon ucleases. Insertion 
thereof into an appropriate expression vector containing the p-galactosidase gene (p-gal) rendered a chimeric plasmid 
having the A-chain linked to the ^gal gene via a methionine codon. Preferably, the tryptophan synthetase gene (trp 
30 LE') is used as a promoter rather than the p-gai gene to achieve higher levels of expression. The chimeric plasmid 
was transformed Into E. co|l resulting in the expression of a precursor protein, i.e., p-gal-met-Archaln (or trp LE'-met- 
A-chain when the trp LE 1 promoter system Is used). Treatment of the precursor protein with cyanogen bromide cleaved 
the methionine bond to render, after purification, the human insulin A-chain. Oxidative sutfitolysis rendered the S- 
surfbnated A-chain which was utilized for combination with the B-chain (S-suHbnate) as described, Infra. 
35 [0052] For complete details on the chemical synthesis of the genes for the human insulin A-chain see Crea et al ., 
Proc, Natl. Acad. Sci. USA, 75. 5765*5789, 1978 and references cited therein which are incorporated herein by refer- 
ence. For complete details of the expression in E. coji of the chemically synthesized gene for the human insulin A- 
chain see Goeddel et al., Proc. Natl. Acad. Sci. USA, 78, 101-110, 1979 and references cited therein which are incor- 
porated herein by reference. 

40 

B. Preparation of B Chain Analog [Lys(B28), Pro(B29)] 

[0059] An Applied Biosystems 430A peptide synthesizer (including software revision 1.4) was used to prepare a 
crude peptidyl resin. 0.5 millimoles (mMd) of the starting solid phase resin (t-BOC-Thr(BzJ)OCH 2 Pam resin) was used 

45 (.78 mMol/g x .658 g). All amino acids used were BOC protected and, except for glutamic acid and histidine, ad were 
used directly as received (i.e., In cartridges from Applied Biosystems, Inc., each cartridge contained approximately 2 
mmol of protected amino acid). Glutamic acid and histidine were obtained from Peptides International Corporation and 
transferred to cartridges such that each cartridge contained approximately 2 mmol of the desired protected amino acid. 
After drying of the crude peptidyl resin (under vacuum at room temperature overnight) its weight was determined and 

so compared to the starting weight to assure reasonable weight gain. A small portion of sample was submitted for amino 
acid analysis to ensure that the desired amino acids were added In the correct amounts. 

[0054] The peptide was cleaved from the peptidyl resin and side-chain unprotected by stirring for approximately 1 
hour atO°CinasolutionoM0 parts (v/w) HF (containing 5% v/v ethyl mercaptan and 5% v/v m-cresol) to 1 part peptidyl 
resin. After removal of most of the HF by vacuum the peptide was precipitated in ethyl ether. After several rinses with 
55 ethyl ether followed by vacuum filtration, the peptide was dissolved in approximately 200 ml of 7M deionized urea 
containing 0.1M TRIS, 0.1M Na^Oa and 0.01M Na^Of,. The solution was adjusted to pH 8.5 with 5N NaOH and 
allowed to stir vigorously overnight at 4°C. 

[0055] The resulting ^sulfonated peptide solution was loaded onto a 6 x 215 cm column of Sephadex G-25 (Fine) 
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at room temperature. The sample was eluted at 20 ml/min at room temperature using 50 mM ammonium bicarbonate. 
The effluent was monitored at 276 nm. 20 ml fractions were collected end a pool of the desired fractions was made 
and further purified by high performance liquid chromatography (HPLC) es follows. 

[0056] The pool of the desired fractions was pumped onto a 2.5 x 30 cm DuPont C8, 9-1 2|i HPLC column and eluted 
5 using a linear gradient of increasing acetonitrile in 100 mM ammonium bicarbonate at room temperature (2.6 ml/min). 
Th© effluent was monitored at 280 nm. 25 ml fractions were collected. Analytical HPLC analyses were conducted on 
selected fractions to determine which fractions to retain. The desired fractions were pooled and lyophiDzed and used 
In the following combination with the A chain prepared as described above. 

10 C. Preparation of Lys(B28), Pro(B29) Human Insulin 

[0057] The combination of the A and B chain was accomplished by the procedure of Chance et aJL, supra. 700 rug 
of the recombinant DNA^derived Achaln S-sulfonate and 140 mg of the synthetic Lys(B28), Pro(B29) B-chaln Sul- 
fonate (both obtained as described above) were each dissolved in 70 ml and 14 ml, respectively, of 0.1 M glycine buffer 
15 at ambient temperature, each adjusted to pH 10.5 with 5N NaOH and then cooled to 5°C. 6 ml of a dithiothrertd (DTT) 
solution at 10.5 mg/ml was prepared in 0.1 M glycine buffer at ambient temperature, adjusted to pH 10.5 with 5N NaOH 
and then cooled to 5°C. 

[0058] The A- and B-chain solutions were combined, then 5.21 ml of the DTT solution was quickly added (SH/SSO 
= 0.90). The reaction solution was stirred at 5°C in an open 200 mi glass centrifuge bottle for 2.6 hours at 5°C. 45 ml 

2D of glacial acetic acid was added and the solution was allowed to stand at 5°C overnight 

[0059] The resultant precipitated mixture was centrifuged for 20 minutes at 2000 rpm at 5°C. The supernatant was 
combined with a 1 M acetic acid wash of the pellet and placed on a 5 x 200 cm Sephadex G-50 (superfine) column in 
molar acetic acid at 5°C and eluted by gravity. Twenty-minute fractions were collected for three days. The fractions 
were examined at 276 nm and some by analytical HPLC. The fractions containing the Lys(B28), Pro(B29) sequence 

25 of the insulin analog were pooled and lyophilized giving a 1 25 mg sample. This sample was further purified by reverse- 
phase H PLC (using a 2.1 2 x 25 cm DuPont C8 column eluted at room temperature, at 2.6 ml/min, using a linear gradient 
of increasing acetonitrile in 0.1 M NaHaPO* pH 2.2). The effluent was monitored at 276 nm. Selected fractions were 
assayed by analytical HPLC. Tne desired fractions were pooled and further purified using pH 7 HPLC as follows. 
[0060] The pool from the low pH HPLC preparation run was diluted approximately 2 times in an Ice bath with 0.1M 

30 (NH^HPO* The pH was adjusted to 7 with cold 2N NaOH in an ice bath. The sample was loaded onto and eluted 
from the same HPLC column using the same conditions as the low pH preparation run except the eluting buffer was 
0.1M, pH 7 (NH4) 2 HP0 4 fecetonltrile. 

[0061] The pool from the pH 7 HPLC preparative run was chilled in an ice bath and diluted two times with 0.1% 
aqueous trifluoroaoetic acid (TFA). 1 N HCI was added (cold, sample in ioe bath) to lower the pH to 3. The sample was 
36 loaded onto a Vydac C4 or, alternatively a DuPont C8 HPLC column (2.1 2 x 25 cm) and eluted with a linear gradient 
of increasing acetonitrile in 0.1% aqueous TFA. The effluent was monitored at 214 nm or 276 nm. The desired fractions 
were pooled and lyophilized giving a sample yield of 41 mg of the desired analog of greater than 97 percent purity by 
reverse-phase HPLC. 

40 Example 2 

Lys(B28), Pro(B29) Human Insulin 

[0062] A second method for preparing Lys(B28), Pro(B29) human insulin employed enzymatic sernisynthesis (re- 
45 verse proteolysis) to combine des-octapeptide insulin (A 1 ^ 1 - with a synthetic octapeptide. Tne de&octapeptide 
Insulin was obtained from a tryptlc digest of natural pork or human insulin as described by Bromerand Chance, "Prep- 
aration and Characterization of Des-octapeptide- Insulin, Biochim. Biophys. Acta, 133:219-223 (1967) which is incor- 
porated herein by reference. The synthetic octapeptide, Gly-Phe-Phe-Tyr-Thr-Lys-Pro-Thr, was prepared by automatic 
solid-phase synthesis in the manner described above, 
so [0063] Des-octapeptide insulin (435 mg.) and 465 mg. of synthetic Gly-Phe-Phe-Tyr-Thr-Lys-Pro-Thr were combined 
in 15 ml of a solution containing 1 part dimethyl sulfoxide, 2 parts 1,4-butanediol and 1 part 0.25M tris acetate buffer 
pH IS. The peptides were completely dissolved by warming the solution on a hot plate. The solution was then incubated 
at 37°C and 90 mg of pork trypsin was added. The solution was stirred occasionally for 90 minutes at 37°C. The reaction 
was stopped by combining the solution with 135 ml of 0.05N HCI. 
ss [0064] The titled insulin analog was purified by loading the acidified solution containing the analog onto a 2.5 x 25 
cm C-8 Zorbax HPLC column and eluting it with a linear gradient of increasing acetonitrile in 0.1 M sodium monobasic 
phosphate pH 2.2 buffer. The effluent was monitored at 276 nm. The desired fractions were pooled, diluted two-fold 
with water and loaded onto a 1 x 25 cm C-8 Ultrasphere HPLC column. The analog was eluted with a linear gradient 
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of increasing acetonitrile in 0.5% aqueous TFA. The effluent was monitored at 276 nm. The desired fractions were 
again pooled and lyophilized to give 125 mg of the purified analog. The structure was verified by amino acid analysis 
(Table I) and mass spectroscopy (MS). 
MS: 5609.2 (Theory: 5808.7). 

5 [0085] Fast Atom Bombardment - Mass Spectroscopy analyses provided herein were determined using a VG-ZAR- 
25E double focusing mass spectrometer at a resolution of approximately 1500. The human insulin analogs were dis- 
solved In a mixture of glycerol and thloglycerol containing oxalic acid. Cesium iodide was used to calibrate the Instru- 
ment which was scanned magnetically from mte 5300 to mtt 6500. Resulting data are presented as average mass + 1 . 

10 Example 3 

Aba(B28), Pro(B29) Human InsuBn 

[0066] Pork des-octapeptide insulin (384 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr^Aba-Pro-Thr (362 
is mg.) were combined in 13 ml. of a solution containing one part dimelhyl sulfoxide, two parts 1,4-butanediol, and one 
part 0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (75 mg.) was added. The solution was mixed well and stirred occa- 
sionally for 120 min. at 37°C. 

[0067] The reaction was stopped at this time by adding the mixture to 137 ml. of 0.05N HO. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eluted In a shallow acetonitrile gradient in 0.1 

20 M sodium monobasic phosphate, pH 2 buffer. 

[0068] The appropriate fractions, as determined by analytical HPLC, were pooled, dfluted two-fold with water, and 
pumped onto a 25 x 300 mm C-1 8 Vydac column. The desalted protein was eluted from the column with an acetonitrile 
gradient in 0.5% trifluoroaoetic acid. The fractions containing the purified insulin analog were pooled and lyophilized 
to yield 59 mg. The structure was verified by amino acid analysis (Table I) end mass spectroscopy (MS). 

26 MS: 5765.7 (Theory: 5765.6). 

Example 4 

AJa(B28), Pro(B29) Human Insulin 

30 

[0069] Poricdes-octepeptkte insulin (290 mg.) and synm 

were combined in 10 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanedlol, and one part 
0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (60 mg.) was added. The solution was mixed well and stirred occasionally 
fbr60mln.at37°C. 

36 [0070] The reaction was stopped at this time by adding the mixture to 90 ml. of 0.05N HO. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eluted in a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0071] The appropriate fractions, as determined by analytical HPLC, were pooled, dfluted two-fold with water, and 
pumped onto a 10 x 250 mm C-8 Ultrasphere column. The desalted protein was eluted from the column with an ace- 
40 toratrile gradient in 0.5% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophi- 
lized to yield 43 mg. The structure was verified by amino add analysis (Table I) and mass spectroscopy (MS). 
MS: 5752.3 (Theory: 5751.6). 

Examples 

45 

Aro(B28). Pro(B29) Human Insulin 

[0072] Pork des-octa peptide insulin (290 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-Arg-Pro-Thr (310 mg.) 
were combined in 10 ml. of a solution containing one part dimethyl sdfoxide, two parts 1,4-butanediol, and one part 
so 0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (60 mg.) was added. The solution was mixed well and stirred occasionally 
for60min.at37°C. 

[0073] The reaction was stopped at this time by adding the mixture to 90 ml. of 0.05N HCI. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eluted in a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 
55 [0074] The appropriate fractions, as determined by analytical HPLC, were pooled, dfluted two-fold with water, and 
pumped onto a 10 x 250 mm C-8 Ultrasphere column. The desalted protein was eluted from the column with an ace- 
tonitrile gradient in 03% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophi- 
lized to yield 103 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
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MS: 5836.1 (Theory: 5836.7). 

Example 6 

5 Asn(B28), Pro(B29) Human Insulin 

[0075] Pork des-octapeptide insulin (409 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-Asn-Pro-Thr (398 
mg.) were combined In 14 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, and one 
part 0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (81 mg.) was added. The solution was mixed well and stirred occa- 
io sionaliy for 120 min. at 37°C. 

[0076] The reaction was stopped at this time by adding the mixture to 136 ml. of 0.05N HCI. The entire solution was 
pumped onto a 21 x 250 mm C-8Zorbax column, and the products were etuted in a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0077] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted two-fold with water, and 
is pumped onto a 25 x 300 mm C-18 Vydac column. The desalted protein was eluted from the column with an acetonitrile 
gradient in 0.5% trifluoroaoetic acid. The fractions containing the purified insulin analog were pooled and lyophilized 
to yield 58 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5794.7 (Theory: 5794.6). 

20 Example 7 

AspfB28). ProfB29) Human Insulin 

[0078] Pork des-octapeptide insulin (400 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-ThrnAsp-Pro-Thr (388 
26 mg.) were combined in 13 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, and one 
part 0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (78 mg.) was added. The solution was mixed well and stirred occa- 
sionally for 120 min. at 37°C. 

[0079] The reaction was stopped at this time by adding the mixture to 137 ml. of 0.05N HCI. Trie entire solution was 
pumped onto a 21 x 250 mm C-8Zorbax column, and the products were eluted in a shallow acetonitrile gradient in 0.1 

30 M sodium monobasic phosphate, pH 2 buffer. 

[0080] The appropriate tractions, as determined by analytical HPLC, were pooled, diluted four-fold with water, and 
pumped onto a 25 x 300 mm C-18 Vydac column. The desalted protein was eluted from the column with an acetonitrile 
gradient in 0.1% trifluoroaoetic acid. The fractions containing the purified insulin analog were pooled and lyophilized 
to yield 85 mg. The structure was verified by amino acid analysis ffable I) and mass spectroscopy (MS). 

36 MS: 5795.7 (Theory: 5795.6). 

Example 8 

Asp(BIO). Lys(B28), Pro(B29) Human Insulin 

40 

A. Preparation erf Asp(B10), Lys(B28) l Pro(B29) Human Insulin B-Chaln. 

[0081] An Applied Biosystems 430A peptide synthesizer (including software revision 1.4) was used to prepare a 
crude peptidyl resin. 0.5 MHIimoles (mMol) of the starting solid phase resin (t-BOC-TTirtBziJOC^ Pam resin) was used 

46 (.72 mMol/g. x .705 g.). All amino acids used were BOC protected and, except for glutamic acid, aspartic acid, and 
hlstidine, all were used directly as received (i.e., in cartridges from Applied Biosystems, Inc.; each cartridge contained 
approximately 2 mmol of protected amino acid). Glutamic acid, aspartic acid, and hlstidine were obtained from com- 
mercial sources and transferred to cartridges such that each cartridge contained approximately 2 mmol of the desired 
protected amino acid. The crude peptidyl resin was dried under vacuum at room temperature overnight and its weight 

so compared to the starting weight to assure reasonable weight gain. A small portion of sample was submitted for amino 
acid analysis to ensure that the desired amino acids were added in the correct proportions. 
[0082] The peptide was cleaved from the peptidyl resin and side-chain deprotected by stirring for approximately 1 
hour at 0°C in a solution of 10 parts (v/w) HF (containing 5% Wv g-thiocresol and 5% v/v nvcresol) to 1 part peptidyl 
resin. After removal of most of the HF by vacuum the peptide was precipitated in ethyl ether. After several rinses with 

55 ethyl ether followed by vacuum filtration, the peptide was dissolved in approximately 120 ml. of 6M guanidine HCI, pH 
11, containing 0.1M TRIS, 35 mg/ml. N*£0 3 and 25 mg/ml. Na^Og. The solution was adjusted to pH 8.8 with 5N 
NaOH and allowed to stir vigorously for 3 hours at room temperature. 

[0083] The resulting Sulfonated peptide solution was loaded onto a 5 x 215 cm column of Sephadex G-25 (medium) 
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at room temperature. The sample was eluted at 21 mUmin. at room temperature using 50 mM ammonium bicarbonate. 
The effluent was monitored at 276 nm. Fractions of 25 ml. each were collected, and a pod of the desired fractions was 
made and further purified by high performance liquid chromatography (HPLC) as follows. 

[0084] The pool of the desired fractions was pumped onto a 2.5 x 30 cm DuPont CB, 9^12p. HPLC column and eluted 
s using a linear gradient of increasing acetonitrile in 100 mM ammonium bicarbonate at toom temperature (2.6 mUmin.). 
The effluent was monitored at 280 nm. Fractions (25 ml. each) were collected. Analytical HPLC analyses were con- 
ducted on selected fractions to determine which fractions to retain. The desired fractions were pooled and lyophilized 
and used in the following combination with the A chain. 

10 B. Combination of Asp(B10), Lys(B28) p Pro(B29) Human Insulin B-Chain with Human InsuDn A-Chain. 

[0085] The combination of the A and B Chains was accomplished by the procedure of Chance et a! ., supra . Two g. 
of the recombinant DNA-derived ArChain S-sulfonate and 400 mg. of the synthetic Asp(B10), Lys(B28), Pro(B29) B- 
chain S-sulfonate were each dissolved in 200 ml. and 40 ml., respectively, of 0.1 M glycine buffer at ambient temperature, 

15 each adjusted to pH 10.5 with 5N NaOH and then cooled to 5°C. A d'rthiothreitol (DTT) solution at 15.5 mg7ml. was 
prepared in 0.1 M glycine buffer at ambient temperature, adjusted to pH 10.5 with 5N NaOH and then cooled to 5°C. 
[0088] The A- and B-chain solutions were combined, then 15.9 ml. of the DTT solution were quickly added {SHI 
SS0 3 - = 1 .0). The reaction solution was stirred at 4°C in an open 200 ml. glass centrifuge bottle for 19.6 hours at 4°C. 
Glacial acetic acid (129 mi.) was added, and the solution was allowed to stand at 4°C for one hour. 

20 [0087] The resultant precipitated mixture was centrifuged for 30 minutes at 2000 rpm at 4°C. The supernatant was 
combined with 292 ml. milli-Q water and 73 ml. acetonitrile and further purified by reversed-phase HPLC (using a 2.5 
x 30 cm Vydac C 1 8 column eluted at room temperature, at 2.6 mlVmin., using a linear gradient of increasing acetonitrile 
in 0.1 M NaH 2 P0 4 , pH 2.1). The effluent was monitored at 280 nm. Selected fractions were assayed by analytical HPLC 
and the desired fractions pooled and diluted two-fold with 0.1% aqueous trifluoroacetic acid (TFA), then loaded onto 

26 an Ultrasphere octyl HPLC column (1.0 x 25 cm) and eluted with a linear gradient of increasing acetonitrile in 0.1% 
aqueous TFA. The effluent was monitored at 280 nm. Selected fractions were assayed by analytical HPLC and the 
desired fractions pooled and repurified using the same column and conditions as above with a slightly different gradient 
of acetonitrile. The appropriate fractions were pooled and lyophilized giving a yield of 65 mg. of the insulin analog of 
greater than 93% purity by reversed-phase HPLC. The structure was verified by amino acid analysis (Table I) and 

30 mass spectroscopy (MS). 

MS: 5786.1 (Theory. 5786.7). 

Example 9 

35 Cva(B28), Pro(B29) Human Insulin 

[0088] Performic acid oxidation was performed to convert the cysteine of the octapeptide to the cysteic acid form. 
The synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-Cys-Pro-Thr (363 mg.) was dissolved in 36 ml. freshly prepared per- 
formic acid in an ice-cooled flask, and allowed to stir gently for one hour. The oxidized material was diluted ten-fold 
40 with water and lyophilized. The lyophilizate was used in the semisynthesis. 

[0089] Pork des-octapeptide insulin (222 mg.) and synthetic octapeptide Qiy-Phe-Phe-Tyr-Thr-Cya-Pro-Thr (225 
mg.) were combined in 18 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4~butanecfiol, and one 
part 0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (45 mg.) was added. The solution was mixed well and stirred occa- 
sionally for 120 min. at 37°C. 

4$ [0090] The reaction was stopped at this time by adding the mixture to 242 ml. of 0.05N HC1. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eluted In a shallow acetonitrile gradient In 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0091] The appropriate fractions, as determined by analytical HPLC, were pooled, dPuted two-fold with water, and 
pumped onto a 25 x 300 mm C-18 Vydac column. The desalted protein was eluted from the column with an acetonitrile 
so gradient in 0.5% trifluoroacetic acid. The fractions containing the purified Insulin analog were pooled and lyophilized 
to yield 16 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5831 .5 (Theory: 5831 .7). 

Example 10 

55 

GIn(B28), Pro(B29) Human Insulin 

[0092] Pork des-octapeptide insulin (290 mg.) and synthetic octapeptide Gly-Phe-Phe^Tyr-Thr-Gln-Pro-Trir (31 0 mg.) 
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were combined in 10 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, end one part 
0.25M Ms pH 7.3 buffer at 37°C. Pork trypsin (60 mg.) was added. The solution was mixed well and stirred occasionally 

for60min.Bt37°C. _ 
[0Q93] The reaction was stopped at this time by adding the mixture to 90 ml. of 0.05N Ha. The entire solution was 
5 pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eluted in a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0094] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted two-fold with water, and 
pumped onto a 10 x 250 mm C-8 Ultrasphere column. The desalted protein was eluted from the column with an ace- 
tonitrile gradient in 0.5% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophi- 
10 iized to yield 87 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5809.4 (Theory: 5808.6). 



Example 11 
15 Glu(B28), Pro(B29) Human Insulin 

[0095] Pork des^octapeptide insulin (402 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-Glu-Pro-TTir (398 mg.) 
were combined in 14 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, and one part 
0.25M trts pH 7.3 buffer at 37°C. Pork trypsin (80 mg.) was added. The solution was mixed well and stirred occasionally 
20 for120mIn.at37 o C. 

[009?] The reaction was stopped at this time by adding the mixture to 136 ml. of 0.05N HCI. The entire solution was 
pumped onto a 2 1 x 250 mm C-8 Zorbax column, and the products were eluted in a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[00971 The appropriate fractions, as determined by analytical HPLC, were pooled, diluted four-fold with water, and 
25 pumped onto a 25 x 300 mm 018 Vydac column. The desalted protein was eluted from the column with an acetonitrile 
gradient in 0.5% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophilized 
to yield 59 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5809.6 (Theory: 5809.6). 



30 Example 12 

GIWB28), Pro(B29) Human Insulin 

[0098] Pork defroctapeptide insulin (412 mg.) and synthetic octapeptide Gly-Phe-Phe-TVr-Thr-Gly-Pro-Ttir (376 mg.) 
35 were combined in 13 ml. of a solution containing one part dimethyl sulfoxide, two parts 1 ,4-butanediol, and one part 
0.25M tris pH 7.3 buffer at 37° C. Pork trypsin (79 mg.) was added. The solution was mixed well and stirred occasionally 
for180min.at37 D C. 

[0099] The reaction was stopped at this time by adding the mixture to 147 ml. of 0.05N HCI. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eluted In a shallow acetonitrile gradient In 0-1 

40 M sodium monobasic phosphate, pH 2 buffer. 

jpioq The appropriate fractions, as determined by analytical HPLC, were pooled, diluted fourfold with water, and 
pumped onto a 25 x 300 mm C-18 Vydac column. The desalted protein was eluted from the column with an aostonitrile 
gradient in 0.1% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophilized 
to yield 11 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 

45 MS: 5737.2 (Theory: 5737.6). 



Example 13 

His(B28), Pro(B29) Human Insulin 

so 

[0101] Pork des-octapeptide insulin (400 mg.)andsynthetlcoctepeptldeGly-Phe^e-TVr-T7ir-Hls-Prr>Thr(398mg.) 
were combined in 13 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, and one part 
0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (79 mg.) was added. The solution was mixed well and stirred occasionally 
for120min.at37 o C. 

55 [0102] The reaction was stopped at this time by adding the mixture to 237 ml. of 0.05N HCI. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eluted in a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0103] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted four-fold with water, and 
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pumped onto a 25 x 300 mm C-18 Vydac column. The desalted protein was eluted from the column with an acetonitrile 
gradient in 0.1% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophilized 
to yield 79 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5B16.9 (Theory: 5817.7). 

5 

Example 14 

lle(B28). Pro(B29) Human Insulin 

10 [0104] Pork des-octapeptide insulin (409 mg.) and synthetic octapeptide Gly-Phe-F^e-Tyr-Thr-lle-Pro-Thr (398 mg.) 
were combined in 13 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butenediol, and one part 
0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (81 mg.) was added. The solution was mixed well and stirred occasionally 
for 120 mln. at 37°C. 

[0105] The reaction was stopped at this time by adding the mixture to 136 ml. of 0.05N HCI. The entire solution was 
15 pumped onto a 21 x 250 mm C-8Zorbax column, and the products were eluted in a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0106] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted two-fold with water, and 
pumped onto a 25 x 300 mm C-1 8 Vydac column. The desalted protein was eluted from the column with an acetonitrile 
gradient In 0.6% trifiuoroaoetic acid. The fractions containing the purified Insulin analog were pooled and lyophilized 
20 to yield 57 mg. The structure was verified by amino acid analysis ("fable I) and mass spectroscopy (MS). 
MS: 5793.7 (Theory: 5793.7). 

Example 15 

25 Leu(B28). Pro(B29) Human Insulin 

[0107] Pork des-octapeptide insulin (418 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-Leu-Pro-Thr (410 
mg.) were combined in 14 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butaneolol, and one 
part 0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (83 mg.) was added. The solution was mixed well and stirred occe- 
30 sionally for 120 min. at 37°C. 

[0106] The reaction was stopped at this time by adding the mixture to 136 ml. of 0.05N HCI. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eluted In a shallow acetonitrile gradient In 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0109] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted two-fold with water, and 
95 pumped onto a 25 x 300 mm C-1 8 Vydac column. The desalted protein was eluted from the column with an acetonitrile 
gradient in 0.5% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophilized 
to yield 74 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5793.8 (Theory: 5793.7). 

40 Example 16 

Nle(B28), Pro(B29) Human Insulin 

[01 10] Pork des-octapeptide insulin (290 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-Nle-Pro-Thr (310 mg.) 
45 were combined in 10 ml. of a solution containing one pari dimethyl sulfoxide, two parts 1,4-butanediol P and one part 
0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (60 mg.) was added. The solution was mixed well and stirred occasionally 
for60min.at37°C. 

[01 1 1] The reaction was stopped at this time by adding the mixture to 90 ml. of 0.05N HCI. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eluted in a shallow acetonitrile gradient in 0.1 

so m sodium monobasic phosphate, pH 2 buffer. 

[0112| The appropriate fractions, as determined by analytical HPLC, were pooled, diluted two-fold with water, and 
pumped onto a 10 x 250 mm C-8 Ultrasphere column. The desalted protein was eluted from the column with an ace- 
tonitrile gradient in 05% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophi- 
lized to yield 54 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 

55 MS: 5794.6 (Theory: 5793.7). 
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Example 17 

Met(B28), Pro(B29) Human Insulin 

s [0113] Pork des-octapeptide insulin (350 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-Met-Pro-Thr (386 
mg.) were combined in 12 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, arid one 
part 0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (71 mg.) was added. The solution was mixed well and stirred occa- 
sionally for 120 mln. at37°C. 

[0114] The reaction was stopped at this time by adding the mixture to 118 ml. of 0.05N HCI. The entire solution was 
10 pumped onto a 21 x 250 mm C-8Zorbax column, and the products were eluted in a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[011 5] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted four-fold with water, and 
pumped onto a 25 x 300 mm C-18 Vydac column. The desalted protein was eluted from the column with an aoetonitrile 
gradient in 0.1% trifluoroaoetic acid. The fractions containing the purified insulin analog were pooled and lyophilized 
is to yield 72 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5811.8 (Theory: 5811.7). 

Example 18 

20 Qrn(B28), Pro(B29) Human Insulin 

[0116] Pork des-octapeptide insulin (290 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-Orn-Pro-Thr (310 
mg.) were combined in 10 ml. of a solution containing one part cfimethyl sulfoxide, two parts 1,4-butanediol, and one 
part 0.25M tris pH 7.3 buffer at 37°C- Pork trypsin (60 mg.) was added. The solution was mixed well and stirred ooca- 
25 sionally for 90 min. at 37°C. 

[01 17] The reaction was stopped at this time by adding the mixture to 90 ml. of 0.05N HCI. The entire solution was 
pumped onto a 21 x 250 mm C-8Zorbax column, and the products were eluted in a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0118] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted two-fold with water, and 
30 pumped onto a 10 x 250 mm C-8 Ultrasphere column. The desalted protein was eluted from the column with an ace- 
tonitrile gradient in 0.5% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophi- 
lized to yield 69 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5785.2 (Theory: 5794.7). 

35 Example 19 

Phe(B28). Pro(B29) Human Insulin 

[0119] Pork des-octapeptide insulin (290 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-Phe-Pro-Thr (310 
40 mg.) were combined in 10 ml. of a solution containing one part cfimethyl sulfoxide, two parts 1,4-butanediol, and one 
part 0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (60 mg.) was added. The solution was mixed well and stirred occa- 
sionally for 80 min. at 37°C. 

[01 20] The reaction was stopped at this time by adding the mixture to 90 ml. of 0.05N HCI. The entire solution was 
pumped onto a 21 x 250 mm C-8Zorbax column, and the products were eluted in a shallow acetonitrile gradient in 0.1 

45 m sodium monobasic phosphate, pH 2 buffer. 

[0121] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted four-fold with water, and 
pumped onto a 25 x 300 mm C-18 Vydac column. The desalted protein was eluted from the column with an aoetonitrile 
gradient in 0.1% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophilized 
to yield 17 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 

so MS: 5827.9 (Theory: 5827.7). 

Example 20 

Pro(B29) Human insulin 

55 

[01 22] Pork des-octapeptide insuOn (339 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-Pro-Pro-Thr (363 mg.) 
were combined in 9 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, and one part 
0.25M tris pH 7.3 buffer at 37° C. Pork trypsin (70 mg.) was added. The solution was mixed well and stirred occasionally 
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for80min.at37°C. 

[0123] The reaction was stopped at this time by adding the mixture to 108 ml. of 0.05N HCL The entire solution was 
pumped onto a 10 x 250 mm C-8 Zorbax column, and the products were eiuted in a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 
s [0124] The appropriate fractions, as determined by analytical HPLC, were pooled, dfluted two-fold with water, and 
pumped onto a 10 x 250 mm C-8 Ultrasphere column. The desalted protein was eiuted from the column with an ace- 
tonitrile gradient In 0.5% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophi- 
lized to yield 97 mg. The structure was verified by amino add analysis (Table I) and mass spectroscopy (MS). 
MS: 5778.6 (Theory: 5777.6). 

10 

Example 21 

SertB28). Pro(B29) Human Insulin 

is [01 25] Pork des-octapeptide insulin (412 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-Ser-Pro-Thr (390 mg .) 
were combined in 13 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, and one part 
0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (60 mg.) was added. The solution was mixed well and stirred occasionally 
tor 120 min.at37 0 C. 

[0126] The reaction was stopped at this time by adding the mixture to 137 ml. of 0.05N HCI. The entire solution was 
20 pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eiuted in a shallow acetonitrile gradient In 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0127] The appropriate fractions, as determined by analytical HPLC, were pooled, dfluted two-fold with water, and 
pumped onto a 25 x 300 mm C-18 vydac column. The desalted protein was eiuted from the column with an acetonitrile 
gradient in 0.5% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophilized 
26 to yield 37 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5768.1 (Theory: 5767.6). 

Example 22 

90 TMB28), Pro(B29) Human Insulin 

[0128] Porkdesoctapeptide Insulin (437 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-Thr-Pro-Thr (420 mg.) 
were combined in 14.5 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, and one part 
0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (86 mg.) was added. The solution was mixed well and stirred occasionally 
36 for120min.at37 o C. 

[0129] The reaction was stopped at this time by adding the mixture to 135.5 ml. of 0.05N HCI. The entire solution 
was pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eiuted in a shallow acetonitrile gradient 
in 0.1 M sodium monobasic phosphate, pH 2 buffer. 

[0130] The appropriate fractions, as determined by analytical HPLC, were pooled, dfluted two-fold with water, and 
40 pumped onto a 25 x 300 mm C-18 vydac column. The desalted protein was eiuted from the column with an acetonitrile 
gradient in 0.5% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophilized 
to yield 78 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5781.9 (Theory: 5781.6). 

45 Example 23 

TrtXB28), Pro(B29) Human InsuGn 

[0131] Pork des-octapeptide insulin (310 mg.) and syntheticoctapeptide Gly-Phe-Phe-Tyr-TTir-Trp-Pro-Thr (325 mg.) 
so were combined in 1 0.5 ml. of a solution containing one part dimethyl sulfoxide, two parts 1 ,4-butanediol, and one part 
0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (64 mg.) was added. The solution was mixed well and stirred occasionally 
for 120 min.et37 b C. 

[01 32] The reaction was stopped at this time by adding the mixture to 140 ml. of 0.05N HCI. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eiuted in a shallow acetonitrile gradient in 0.1 
ss m sodium monobasic phosphate, pH 2 buffer. 

[0133] The appropriate fractions, as determined by analytical HPLC, were pooled, dfluted two-fold with water, and 
pumped onto a 25 x 300 mm C-18 Vydac column. The desalted protein was eiuted from the column with an aoeto nitrile 
gradient in 0.5% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophilized 
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to yield 47 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5866.2 (Theory: 5866.7). 

Example 24 

5 

Tvr(B28), Pro(B29) Human Insulin 

[0134] Porkdes-octapeptlde Insulin (391 mg.)and synthetic octapeptlde Gfy^he-Phe-Tyr-Thr-Tyr-Pro-Thr (400 mg.) 
were combined in 13 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, and one part 
10 0.26M tris pH 7.3 buffer at 37°C. Pork trypsin (79 mg.) was added. The solution was mixed well and stirred occasionally 
for 120 mm.at37°C. 

[01351 The reaction was stopped at this time by adding the mixture to 137 ml. of 0.05N HCI. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eluted in a shallow acetonitrile gradient In 0.1 
M sodium monobasic phosphate, pH 2 buffer. 
is [0136] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted two-fold with water, and 
pumped onto a 25 x 300 mm C-1 8 Vydac column. The desalted protein was eluted from the column with an acetonitrile 
gradient in 0.5% trifluoroacetic acid. The fractions containing the purified insulin analog were pooled and lyophilized 
to yield 30 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5643.7 (Theory: 5843.7). 

20 

Example 25 

\fel(B28), Pro(B29) Human Insulin 

26 [0137] Pork des-octapeptide insulin (400mg.) and synthetic odapeptideGry-Phe-Phe-Tyr-Trir-Val^ro-ThrtSSS mg.) 
were combined in 12 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, and one part 
0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (78 mg.) was added. The solution was mixed well and stirred occasionally 
for 120 min. at37°C. 

[01 38] The reaction was stopped at this time by adding the mixture to 238 ml. of 0.05N HCI. The entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eluted in a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0139] The appropriate fractions, as determined by analytical HPLC, were pooled, diluted four-fold with water, and 
pumped onto a 25 x 300 mm C-18 Vydac column. The desalted protein was eluted from the column with an acetonitrile 
gradient in 0.1% trifluoroacetic acid. The fractions containing the purified Insulin analog were pooled and lyophilized 
36 to yield 74 mg. Trie structure was verified by amino add analysis (Table I) and mass spectroscopy (MS). 
MS: 5780.0 (Theory: 5779.6). 

Example 26 

40 Nva(B28). Pro(B29) Human InsuHn 

[0140] Pork des-octapeptide insulin (292 mg.) and synthetic octapeptide Gly-Phe-Phe-Tyr-Thr-Nva-Pro-Thr (279 
mg.) were combined in 10 ml. of a solution containing one part dimethyl sulfoxide, two parts 1,4-butanediol, and one 
part 0.25M tris pH 7.3 buffer at 37°C. Pork trypsin (57 mg.) was added. The solution was mixed well and stirred ooca- 
45 sionally for 120 min. at 37°C. 

[0141] The reaction was stopped at this time by adding the mixture to 240 ml. of 0.05N HCI. Hie entire solution was 
pumped onto a 21 x 250 mm C-8 Zorbax column, and the products were eluted in a shallow acetonitrile gradient in 0.1 
M sodium monobasic phosphate, pH 2 buffer. 

[0142] The appropriate fractions, as determined by analytical HPLC, were pooled, dfluted two-fold with water, and 
so pumped onto a 25 x 300 mm C-1 8 Vydac column. The desalted protein was eluted from the column with an aoeto nitrile 
gradient In 0.5% trifluoroacetic acid. The fractions containing the purified Insulin analog were pooled and lyophilized 
to yield 51 mg. The structure was verified by amino acid analysis (Table I) and mass spectroscopy (MS). 
MS: 5780.0 (Theory: 5779.6). 

55 Example 27 

[0143] Utilizing the procedures set forth herein, the following additional insulin analogs are prepared: 
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(a) Asp(B1).Lys(B28),Pro(B29) Human Insulin 

(b) des(Phe-B1),Lys(B28),Pro(B29) Human Insulin 

(c) des(Phe^1),Asp(B10) f Lys(B28).Pro(B29) Human Insulin 

(d) des(Phe«B1,Val-B2),Lys(B28),Pro(B29) Human Insulin 

5 (e) des(Phe-B1 ,Val-B2),A8p<B10),Ly8(B28), Pro(B29) Human Insulin 

(f) Gly(A21),Asp(B10),Lys(B28),Pro(B29) Human Insulin 

(g) Ala(A21),Asp(B10),Lys(B28),Pro<B29) Human InsuDn 

(h) des(Thr-B30),Lys(B28),Pro(B29) Human Insulin 

(i) Asp(B10),Arg(B28),Pro(B29) Human Insulin 
10 (j> Ala(A21),Arg(B28),Pro(B29) Human Insulin 

(k) Asp(B1),Arg(B28),Pro(B29) Human Insulin 

Example 2B 
15 Lys(B28), Pro(B29) Human Insulin 

Construction of Recombinant Vectors and Hosts 
A. Constnjctlon of Plasmld pCZR126S 

20 

1. Isolation of Plasmld pKC283 

[0144] Lyophilsof E. roll K12 BE1201/pKC283 are obtained from the Northern Regional Research Laboratory, Peoria, 
Illinois 61 604, under the accession number NRRL B-15830. The lyophils are decanted into tubes containing 10 ml LB 

» medium (10 g Bacto-tryptone, 5 g Bado-yeast extract, and 10 g NaCI per liter; pH is adjusted to 7.5) and incubated 
two hours at 32°C, at which time the cultures are made 50 pg/ml in ampicfllin and then incubated at 32°C overnight 
The E.coD K12 BE1201/pKC283 cells were cultured at 32°C, because the cells comprise a temperature-sensitive cl 
repressor gene Integrated into the cellular DIMA. When cells that comprise a wild-type lambda pL repressor gene or 
do not comprise a lambda pL promoter are utilized in this plasmid isolation procedure, as described in subsequent 

90 Examples herein, the temperature of incubation is 37°C. 

[0145] A small portion of the overnight culture is placed on LB-agar (LB medium with 1 5 g/l Bacto-agar) plates con- 
taining 50 pg/ml ampicfllin in a manner so as to obtain a single colony Isolate of E. cpji K12 BE1201/pKC283. The 
single colony obtained was inoculated into 10 ml of LB medium containing 50 jig/ml ampicillin and incubated overnight 
at 32°C with vigorous shaking. The 10 ml overnight culture was Inoculated into 500 ml LB medium containing 50 ng/ 

35 ml ampicfllin and Incubated at 32°C with vigorous shaking until the culture reached stationary phase. 

[0146] The following procedure Is adapted from Maniatis et a]., 1 982, Molecular Cloning (Cold Spring Harbor Labo- 
ratory). 

[0147] The cells were harvested bycentrifugationat4000gfbr 10 minutesat4°C, and the supernatant was discarded. 
The cell pellet was washed in 100 ml of Ice-cold STE buffer (0.1 M NaCI; 10 mM Tris-HCI, pH 7.8; and 1 mM EDTA). 
40 After washing, the cell pellet was resuspended in 10 ml of Solution 1 (50 mM glucose; 25 mM Tris-HCI, pH 8,0; and 
10 mM EDTA) containing 5 mg/ml lysozyme and left at room temperature for 10 minutes. Twenty ml of Solution 2 (0.2 
N NaOH end 1% SDS) were then added to the lysozyme-treated cells, and the solution was gently mixed by inversion. 
The mixture was incubated on ice for 10 minutes. 

[0146] Fifteen ml of ice-cold 5 M potassium acetate, pH 4.8, were added to the lysed-ceil mixture and the solution 
46 mixed by Inversion. The solution was incubated on ice for 10 minutes. The 5 M potassium acetate solution was prepared 
by adding 11.5 ml of glacial acetic acid to 28.5 ml of water and 60 ml of 5 M potassium acetate; the resulting solution 
is 3 M with respect to potassium and 5 M with respect to acetate. 

[0149] The lysed cell mixture was oentrifuged in a Beckman SW27 (or its equivalent) at 20,000 rpm for 20 minutes 
at 4°C. The cell DNA and debris formed a pellet on the bottom of the tube. About 36 ml of supernatant were recovered, 

so and 0.6 volumes of isopropanol were added, mixed, and the resulting solution left at room temperature for 1 5 minutes. 
The plasmid DNA was collected by centrifugation at 12,000 g for 30 minutes at room temperature. The supernatant 
was discarded, and the DNA pellet was washed with 70% ethanoJ at room temperature. The ethanol wash was de- 
canted, and the pellet was dried in a vacuum desiccator. The pellet was then resuspended in 8 ml of TE buffer (1 0 mM 
Tris-HCI, pH 8.0, and 1 mM EDTA). 

55 [01 50] Eight grams of CsCI were added to the DNA solution. About 0.8 ml of a 1 0 mg/ml solution of ethidium bromide 
in water were added for each 10 ml of CsCI -DIMA solution. The final density of the solution was about 1 .55 g/ml, and 
the ethidium bromide ooncentraton was about 600 |ig/ml . The solution was transferred to a Beckman Type 50 centrifuge 
tube, filled to the top with paraffin oD, sealed, and centrifuged at 45,000 rpm for 24 hours at 20°C. After centrifugation, 
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two bands of DNA were visible in ordinary light After removing the cap from the tube, the lower DNA band was removed 
by using a syringe with a #21 hypodermic needle inserted through the side of the centrifuge tube. 
[0151] The ethidium bromide was removed by several extractions with water-saturated 1-butanol. The CsCI was 
removed by dialysis against TE buffer. After extractions with buffered phenol and then chloroform, the DNA was pre- 
5 ciprtated, washed with 70% ethanol, and dried. About 1 mg of plasmid pKC283 was obtained and stored at 4°C in TE 
buffer at a concentration of about 1 pxg/pJ. A restriction site and function map of plasmid pKC283 is presented in Figure 
1 of the accompanying drawings. 

2. Construction of Plasmid PKC283PX 

10 

[0152] About 10 ni of the plasmid pKC283 DNA prepared in Example 1 were mixed with 20 jxl 10 X medium-salt 
restriction buffer (500 mM NaCI; 100 mM Tris-HCI, pH 7.5; 100 mM MgCfe; and 10 mM DTT), 20 yl 1 mg/mi BSA, 5 jxl 
restriction enzyme Pvull (-50 Units, as defined by Bethesda Research Laboratories (BRL), from which all restriction 
enzymes used herein were obtained), and 1 45 of water, and the resulting reaction was incubated at 37°C for 2 hours. 
15 Restriction enzyme reactions described herein were routinely terminated by phenol and then chloroform extractions, 
which were followed by precipitation of the DNA, an ethanol wash, and ^suspension of the DNA in TE buffer. After 
terminating the Pvull digestion as described above, the Pyull-digested plasmid pKC263 DNA was precipitated and 
then resuspended in 5 pJ of TE buffer. 

[0153] About 600 picomoles (pM) of Xhol linkers (5 , -CCTCGAQ6-3') were kinased in a mixture containing 10 pJ 5 X 
20 Kinase Buffer (300 mM Ttis^HCI, pH 7.8; 50 mM Mgd 2 ; and 25 mM DTT), 5 pi 5 mM ATP, 24 pi H z O, 0.5 ^ of T4 
polynucleotide kinase (about 2.5 units as defined by P-L Biochemicals), 5 pi 1 mg/ml BSA, and 5 pi of 1 0 mM spermidine 
by incubating the mixture at 37°C for 30 minutes. 

[0154] About 12.5 |jJ of the kinased Xhol linkers were added to the 5 pJ of Pyull-digested plasmid pKC283 DNA, and 
then 2.5 pi of 10 X ligase buffer (300 mM Tris-HCI, pH 7.6; 100 mM MgCI 2 ; and 50 mM DTT), 2.5 pi of 1 mg/ml BSA, 

29 7 pi of 5 mM ATP, 2.5 pi (about 2.5 units as defined by P-L Biochemicals) of T4 DNA ligase, 2.5 pJ of 10 mM spermidine, 
and 3 pJ of water were added to the DNA. The resulting ligation reaction was incubated at 4°C overnight After the 
ligation reaction, the reaction mixture was adjusted to have the composition of higlxsalt buffer (0.1 M NaCI; 0.05 M 
Tris-HCI, pH 7.5; 10.0 mM MgCfe; and 1 mM DTT). About 1 0 pi (100 units) of restriction enzyme Xtol were added to 
the mixture, and the resulting reaction was incubated at 37 b C for 2 hours. 

30 [0155] The reaction was terminated, and the Xhol-digested DNA was precipitated, resuspended, and ligated as 
described above, except that no Xho l linkers were added to the Dgation mixture. The ligated DNA constituted the 
desired plasmid pKC283PX. A restriction site and function map of plasmid pKC283PX is presented in Figure 2 of the 
accompanying drawings. 

35 3. Construction of £. coli K12 M(XWpKC283PX 

[0196] E. coli K12 MO(X+)can be obtained from the Northern Regional Research Laboratories in iyophylized form 
under the accession number NRRL B-1 5993. E. coli K12 MO(V") comprises the wild-type lambda pL cl repressor gene, 
so that transcription from the hybrid pL-ipp promoter of the present invention does not occur in E. coli K1 2 MO(X + ) 
*0 ceils. The lyophiis are reconstituted, single colonies of MO(X+) are isolated, and a 10 ml overnight ciMture of the MO 
(X+)ceils is prepared In substantial accordance with the procedure of Example 28A1 , except that the temperature of 
incubation is 37°C and no ampiciilin is used in the growth media. 

[0157] Fifty pi of the overnight culture were used to inoculate 5 ml of LB media which also contained 1 0 mM MgS0 4 
and 10 mM MgCI 2 . The culture was incubated at 37° C overnight with vigorous shaking. The following morning, the 

45 culture was diluted to 200 ml with LB media containing 10 mM MgS0 4 and 10 mM MgCI 2 . The diluted culture was 
incubated at 37°C with vigorous shaking until the absorbance at 650 nm (Aqsq) was about 0.5, which Indicated a cell 
density of about 1 x 1 0 8 cells/ml. The culture was cooled for ten minutes in an ice-water bath, and the cells were then 
collected by centrifugation at 4000 g for 10 minutes at 4°C. The cell pellet was resuspended in 100 ml of cold 10 mM 
MgSO* and then immediately re-pelleted by centrifugation. The cell pellet was resuspended in 100 ml of 30 mM CaC^ 

so and incubated on ice for 20 minutes. 

[0158] The cells were again collected by centrifugation and resuspended In 10 ml of 30 mM CaCI^ A one-half ml 
aliquot of the cells was added to the ligated DNA prepared in Example 28A2; the DNA had been made 30 mM in Cad 2 . 
The cell-DNA mixture was incubated on ice for one hour, heat-shocked at 42°C for 90 seconds, and then chilled on 
ice for about two minutes. The cell-DNA mixture was diluted into 10 ml of LB media in 125 ml flasks and incubated at 

55 37°C for one hour. One hundred jil aliquots were plated on LB-agar plates containing ampiciilin and incubated at 37°C 
until colonies appeared. 

[0159] The colonies were individually cultured, and the plasmid DNA of the individual colonies was examined by 
restriction enzyme analysis and gel electrophoresis. Plasmid DNA isolation was performed on a smaller scale in ac- 
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cordanoe with the procedure of Example 28A1, but the CsCI gradient step was omitted until the desired E. ooli K12 
MO(Jt + )/pKC283PX transformants were identified. A restriction site and function map of plasmid pKG283PX is present- 
ed in Figure 2 of the accompanying drawings. 

s 4. Construction of £. coli K12 MOQ+)/pKC283-L 

[01 GO] Ten jig of plasmid pKC283PX DNA prepared in accordance with the procedure of Example 28A1 were dis- 
solved in 20 uJ of 10X hlghnsalt buffer, 20 uJ 1 mgVml BSA, 5 uJ (-50 unite) restriction enzyme Bglll, 5uJ (-50 units) 
restriction enzyme Xho l, and 150 uJ of water, and the resulting reaction was incubated at 37°C for two hours. The 
10 reaction was stopped, and after precipitating the Bglll-Xhol digested DNA, the DNA was resuspended in 5 uJ of TE 
buffer. 

[0161] A DNA linker with single-stranded DNAends characteristic of Bglll and Xhol restriction enzyme cleavage was 
synthesized and kinased. Tne linker was kinased in substantial accordance with the procedure of Example 28A2. Trie 
DNA Gnker had the following structure: 

15 

5 1 -GATCTATTAACTCAATCTAGAC-3 1 
f IIIIMII INMIfll 
20 3 1 - AT AATTGAGTT AGATCTGAGCT- 5 1 

Trie linker depicted above was synthesized from single-stranded deoxyoligcnucleotides by procedures well known in 
the art The single-stranded deoxyoligcnucleotides can be synthesized with commercially available instruments, such 

25 as the 380A DNA Synthesizer marketed by Applied Biosystems (850 Lincoln Centre Drive, Foster City, CA 94404), 
which utilizes phosphoramidite chemistry. Other procedures for synthesizing DNA are also known in the art. The con- 
ventional modified phosphotriester method of synthesizing single stranded DNA Is described in Itakura et al., 1977, 
Science 196:1056 and in Crea etal., 1978, Proc. Nat. Acad. Sci. USA 75:5765. in addition, an especially preferred 
method of synthesizing DNA is disclosed in Hsiung et §d., 1983, Nucleic Acid Research 11:3227 and Narang et el., 

30 1980, Methods in Enzymology 68:90. 

[0162] The linker and Bglll-Xhol-digested plasmid pKC263PX were ligated in substantial accordance with the pro- 
cedure of Example 26A2. The ligated DNA constituted the desired plasmid pKC263-L. A restriction site and function 
map of plasmid pKC283-L is presented in Figure 3 of the accompanying drawings. The plasmid pKC283-L DNA was 
used to transform E. cofl K12 MO(* + ) and the resulting E. coli K12 MO(X + )/pKC283-L transformants were identified in 

95 substantial accordance with the procedure of Example 28A3. 

5. Construction of £. coli K12 MOflt*VpKC283-LB 

[0163] About 10 jxg of plasmid pKC283-L DNA, prepared in substantial accordance with the procedures of Example 
40 28A1 , were dissolved in 20 uJ 1 0X high-salt buffer, 20 uJ 1 mg/mJ BSA, 5 uJ (-50 units) restriction enzyme Xhol, and 
155 uJ of H 2 0, and the resulting reaction was incubated at 37° C for two hours. The Xhol-digested plasmid pKC263-L 
DNA was then precipitated from the reaction mixture by the addition of three volumes of 95% ethanol and one-tenth 
volume of 3 M sodium acetate, incubation in a dry ice-ethand bath for five minutes, and centrifugation. The resulting 
DNA pellet was washed with 70% ethanol, dried, and resuspended in 2 uJ 10X nick-translation buffer (0.5 M Tris-HCl, 
45 pH 7.2; 0.1 M MgS0 4 ; and 1 mM DTT), 1 jjJ of a solution 2 mM in each of the deoxy nucleotide triphosphates, 1 5 uJ of 
H 2 0, 1 |il (~6 units as defined by P-L Biochemicals) of Klenow, which is the large fragment of E. coli DNA polymerase 
I, and 1 ill of 1 mg/ml BSA The resulting reaction was incubated at 25°C for 30 minutes; the reaction was stopped by 
incubating the solution at 70°C for five minutes. 

[0164] Bam HI linkers (5'-CGGGATCCCG-3') were kinased and ligated to the Xhol-digested, Klenow-treated plasmid 
so pKC283-L DNA in substantial accordance with the procedure of Example 28A2. After the ligation reaction, the DNA 
was digested with about 100 units of Bam HI for about 2 hours at 37°C in high-salt buffer. After the Bam HI digestion, 
the DNA was prepared for Ggation in substantial accordance with the procedure of Example 28A2. 
[0165] The -5.9 kb Bam HI restriction fragment was circularized by Ggation end transformed into E. coli K12 MO(X + ) 
in substantial accordance with the procedures of Examples 28A2 and 28A3. The E. coli K 1 2 MO(A+)/pKC263-LB trans- 
55 formants were identified, and then plasmid pKC283-LB DNA was prepared in substantial accordance with the procedure 
of Example 28A1 . A restriction site and function map of plasmid pKC283-LB is presented in Figure 4 of the accompa- 
nying drawings. 
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6. Construction of E. coli K12 MOtt*VpL32 

[01 W] About 10 jig of plasmid pKC283PX were digested with restriction enzyme Sail in high-salt buffer, treated with 
Klenow, and ligated toEcoRI linkers (S-GAGGAATTCCTC-S') in substantial accordance with the procedure of Example 

5 28A5, with the exception of the starting plasmid, restriction enzymes, and linkers used. After digestion with restriction 
enzyme EcoRI, which results in the excision of -2.1 kbof DNA, the -4.0 kb EooRI restriction fragment wbs circularized 
by ligation to yield plasmid pKC283PRS. The ligated DNA was used to transform E. coll K12 MO(X + ) in substantial 
accordance with the procedure of Example 28A3. After the E . coh K1 2 MO(X*)/pKC283PRS transformants were Iden- 
tified, plasmid pKC283PRS DNA was prepared in substantial accordance with the procedure of Example 28A1. A 

io restriction site and function map of plasmid pKC283PRS is presented in Figure 5 erf the accompanying drawings. 
[0167] About 10 jig of plasmid pKC283PRS were digested in 200 jxi of high-salt buffer with about 50 units each of 
restriction enzymes Psti and Sphl. After incubating the reaction at 37°C for about 2 hours, the reaction mixture was 
etectrophoresed on a 0.6% low-gelling-temperature agarose (FMC Corporation, Marine Colloids Division, Rockland, 
Maine 04841) gel for 2-3 hours at -130 V and -76 mA in Tris-Acetate buffer. 

15 [0168] The gel was stained in a dilute solution of ethidium bromide, and the band of DNA constituting the ~0.85 kb 
Pstl-Sphl restriction fragment, which was visualized with long^wave UV light, was cut from the gel in a small segment. 
Trie volume of the segment was determined by weight and density of the segment, and an equal volume of 10 mM 
Tris-HCI, pH 7.6, was added to the tube containing the segment Trie segment was then melted by Incubation at 72°C. 
About 1 ug of the -0.85 kb Pstl-Sphl restriction fragment of plasmid pKC283PRS was obtained in a volume of about 

20 100 jil. In an analogous manner, plasmid pKC283-LB was digested with restriction enzymes Pstl and Sphl, and the 
resulting -3.0 kb restriction fragment was Isolated by agarose gel electrophoresis and prepared for ligation. 
[0169] The -0.85 kb Pstl-Sphl restriction fragment of piasmid pKC283PRS was ligated to the -3.0 kb Pstl-Sphl 
restriction fragment of plasmid pKC283-LB in substantial accordance with the procedure of Example 28A2. The ligated 
DNA constituted the desired plasmid pL32. A restriction site and function map of plasmid pL32 is presented in Figure 

26 6 ofthe accompanying drawings. RasmidpL32 was transformed into E.coliKI 2 MOft+) cells in substantial accordance 
with the procedure of Example 28A3. Plasmid pL32 DNA was prepared from the E. coli K12 MO(X + VpL32 transformanrts 
in substantial accordance with the procedure erf Example 28A1 . Analysis of the plasmid pL32 DNA demonstrated that 
more than one EcoR I linker attached to the Klenow-treated, Sail ends of plasmid pKC283PX. The presence of more 
than one Eco RI linker does not affect the utility of plasmid pL32 or derivatives of plasmid pL32 and can be detected 

30 by the presence of an Xho l restriction site, which is generated whenever two of the Eoo RI linkers are ligated together. 
Alternatively, plasmid pL32 may be constructed by carrying out the Sall-EcoRI excision and ligation ofthe first paragraph 
of this Example upon plasmid pKC283-LB. 

7. Construction of E. coll K12 M(XX*VpL47 

95 

[0170] E. coli K12 RV308/pNM789can be obtained from the Northern Regional Research Laboratories in ryophilized 
form under the accession number NRRL B-18216. Arestriction site and function map of pNM789 is presented in Figure 
7 of the accompanying drawings. Plasmid DNA is extracted from the culture in substantial accordance with the teaching 
of Example 1 , except that the temperature of Incubation Is 37°C. Ten micrograms of pNM789 are suspended In 200 jil 

40 Pvull buffer (50 mM Tris-HCI (pH 7.5), 60 mM NaCI and 6mM MgCy. One unit of Pvull is added and the reaction mbc 
is Incubated for 5 minutes at 37°C. The enzyme Is Inactivated by heating 10 minutes at 65°C. 30 pJ of 10X BamHI 
buffer (200 mM Tris-HCI (pH 8.0), 1M NaCI and 70 mM MgCy, 70 M H 2 0 and 10 units of BamHI are next added and 
the reaction is incubated for 1 hour at 37"C. This is followed by the addition of 5 units of alkaline phosphatase and 
incubation for 1 hour at 65°C. The DNA fragments are separated on a 1 percent agarose gel, and a DNA fragment 

45 (Figure 6) the size erf a single cut fragment is purified . 

[0171] A DNA linker with a blunt end and a BamH I end is synthesized In substantial accordance with the teaching 
of Example 28A4. This linker (shown at 118 in Figure 8) has the following structure: 



5 f -CTGTGCCTTCTAC-3 1 

llllflNIIIII 
3 » -CACACGGAACATCCTAG-5 1 



55 

The linker is kinased and ligated into the BamHI-Pvull digested plasmid pNM789 in substantial accordance with the 
teaching of Example 28A2. This ligation mixture is used to transform E. coli K12 RV308 cells and plasmid isolation is 
performed upon these transformants in substantial accordance with the teaching of Example 28A3. Several plasmJds 
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are selected which contain the appropriate size Pyull fragment (494bp) and Xbal -BamH I fragment (628bp). The se- 
quence of at least two of these is determined by sequencing from the Bam H i s ite toward the unique Sma l site and one 
done is selected with the desired sequence. This intermediate ptasmid is designated piasmid 120. A schematic outline 
of this procedure and a restriction site and function map of piasmid 120 is presented in Figure 6 of the accompanying 
s drawings. 

[0172] To isolate the EK-BG Hi-encoding DNA, about 10 jxg of piasmid 120 were digested in 20Q uJ of high-salt buffer 
containing about 50 units each of restriction enzymes Xba l and BamH I. The digestion products were separated by 
agarose gel electrophoresis, and the ~0.6 kb Xbal -Bam HI restriction fragment which encodes EK-B6H was Isolated 
and prepared for ligation in substantial accordance with the procedure of Example 26A6. 

10 [0173] Piasmid pL32 was also digested with restriction enzymes Xbal and Bam HI, and the -3.9 kb restriction frag- 
ment was isolated and prepared for ligation. The -3.9 kb Xbal -Bam HI restriction fragment of piasmid pL32 was ligated 
to the ~0.6 kb Xba l -Bam HI restriction fragment of piasmid 120 in substantial accordance with the procedure of Example 
28A2 to yield piasmid pL47. A restriction site and function map of piasmid pL47 is presented in Figure 9 of the accom- 
panying drawings. Piasmid pL47 was transformed into E. coji K1 2 MO{X+) in substantial accordance with the procedure 

15 of Example 28A3, and the E.coji K12 MO#*VpL47 transformants were identified. Piasmid pL47 DNA was prepared 
from the transformants in substantial accordance with the procedures of Example 28A1 . 

8. Construction of E. soli K12 KV3QB/pPR12AR1 

20 [0174] Piasmid pPR12 comprises the temperature-sensitive pL repressor gene c!857 and the piasmid pBR322 tet- 
racycline resistance-conferring gene. Piasmid pPR12 Is disclosed and claimed in U.S. Patent #4,436,815, issued 13 
March 1984. A restriction site and function map of piasmid pPR12 is presented in Figure 10 of the accompanying 
drawings. 

[0175] About 1 0 jig of piasmid pPR1 2 were digested with about 50 units of restriction enzyme Eco RI in 200 id of 

25 high-salt buffer at 37°C for two hours. The EcoRI-digested piasmid pPR12 DNA was precipitated and treated with 
Klenow in substantial accordance with the procedure of Example 28A5. After the Ki enow reaction, the EcoRI-digested, 
Klenow-trealed piasmid pPR12 DNA was recircularized by ligation in substantia] accordance with the procedure of 
Example 28A2. Trie ligated DNA, which constituted the desired piasmid pPR12AR1 , was used to transform E. coli K12 
RV308 in substantial accordance with the procedure of Example 28A3, except that selection was based on tetracycline 

30 (5 ug/mi) resistance, not ampicilEn resistance. E. coli K12 RV308 is avaOabie from the NRRL under the accession 
number NRRL B- 15624. After the E. coH K12 RV308/pPR12AR1 transformants were identified, piasmid pPR12AR1 
DNA was prepared from the transformants in substantial accordance with the procedure of Example 28A11 . 
[0176] About 10 \ig of piasmid pPR12AR1 were digested with about 50 units of restriction enzyme Ava l in 200 y\ of 
medium-salt buffer at 37°C for 2 hours. The Aval-digested piasmid pPR12AR1 DNA was precipitated and treated with 

35 Klenow in substantial accordance with the procedure of Example 28A5. After the Klenow reaction, the Aval-digested, 
Klenow-treated piasmid pPR12AR1 DNA was ligated to Eco RI linkers (5'-GAG GAATTCCTC-3') In substantial accord- 
ance with the procedure of Example 28A2. After the Gnker ligation, the DNA was precipitated and then resuspended 
in about 200 til of high-salt buffer containing about 50 units of restriction enzyme EcoRI . Trie resulting reaction was 
incubated at 37°C for about 2 hours. After the EcoRI digestion, the reaction mixture was loaded onto an agarose gel, 

to and the -5.1 kb EcoRI restriction fragment was purified in substantial accordance with the procedure of Example 
28A6. The -5.1 kb EcoRI restriction fragment was recircularized by ligation In substantial accordance with the pro- 
cedure of Example 28A2. The ligated DNA constituted the desired piasmid pPR12AR1. The piasmid pPR12AR1 DNA 
was transformed into E. coli K12 RV308 in substantial accordance with the procedure of Example 28A3, except that 
selection was based on tetracycline resistance, not ampicillin resistance. After identifying the E. coli K12 

45 RV308/pPR1 2AR1 transformants, piasmid p PR 1 2AR1 DNA was prepared in substantial accordance with the procedure 
of Example 28A1 . A restriction site and function map of piasmid pPR1 2AR1 is presented in Figure 11 of the accom- 
panying drawings. 

9. Construction of £. coli K12 RV30B/DL110 

so 

[01 77] About 1 0 |ig of piasmid p PR 1 2AR1 DNA were suspended in about 200 ml of high-salt buffer containing about 
50 units each of restriction enzymes Pstl and EcoRI, and the digestion reaction was incubated at 37°C for about 2 
hours. Trie reaction mixture was then loaded onto an agarose gel, and the -2.9 kb Pstl-EcoR1 restriction fragment of 
piasmid pPR12AR1 was isolated and prepared for ligation in substantial accordance with the procedure of Example 
55 28A6. 

[0178] About 10 ug of piasmid pL47 were digested with restriction enzymes Pstl and Bam HI in 200 ul of high-salt 
buffer at 37°C for two hours. The Pstl -Bam HI-digested DNA was loaded onto an agarose gel, and the -2.7 kb Psf I- 
Bam HI restriction fragment that comprised the origin of replication and a portion of the ampicillin resistance-conferring 
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gene was isolated and prepared for ligation in substantial accordance with the procedure of Example 28A6. In a sep- 
arate reaction, about 10 ug of plasmid pL47 DNA were digested with restriction enzymes EcoRI and Bam HI in 200 ul 
of high-salt buffer at 37°C for two hours, and the — 1 .03 kb EcoRI -BamH I restriction fragment that comprised the novel 
transcriptional and translations! activating sequence and the EK-BGH-encoding DNA was isolated and prepared for 

5 ligation in substantial accordance with the procedure of Example 28A6. The ~2 ug of the -1.03 kb Eco RI -Bam HI 
restriction fragment obtained were used in the construction of plasmid pL11 0. 

[0179] The -2.7 kb Pstl -Bam HI and -1.03 kb EcoRI -Bam HI restriction fragments of plasmid pL47 were ligated to 
the -2.9 kb Psti-EcoRI restriction fragment of plasmid pPR12AR1 to construct plasmid pL110, and the ilgated DNA 
was used to transform E. coli K12 RV308 in substantial accordance with the procedure of Examples A2 and 2BA3, 
10 except that tetracycline resistance, not ampicillin resistance, was used as the basis for selecting transfbrmants. 

[0180] Two Pstl restriction enzyme recognition sites are present in the EK-BGH coding region that are not depicted 
in the restriction site and function maps presented in the accompanying drawings. A restriction site and function map 
of plasmid pL1 10 is presented in Figure 12 of the accompanying drawings. 

is 10. Construction of E.cali K12 RV308/pL110C 

a. Construction of E. coli K12 RV30e/pL110A 

[0181] About 1 jig of plasmid pL110 DNA was digested with restriction enzyme Ndel in 20 uJ total volume containing 
20 2 ul of 10X high-salt buffer (1.0 M NaCI; 0.50 M Tris-HCl, pH=7.5; 0.10 M MgCI^ and 1 0 mM dithiothrertol) and 3 units 
of Ndel enzyme for 1 hour at 37° C. The reaction mixture was extracted with phenol/chloroform and the DNA precipitated 
with ethanol. Trie Ndel-digested plasmid pL1 10 DNA was dissolved in 50 ul of 1 X Klenow buffer (40 mM KP0 4 , pH-7.5; 
6.6 mM MgCfc 1.0 mM 2-mercaptoethanol; 33 uM dATP; 33 uM dCTP; 33 uM dGTF; and 33 uM TTP). Two ul (-10 
units, New England Biolabs) of the large fragment of E. coli DNA polymerase I, known as Klenow, were added to and 
25 mixed with the DNA, and the resulting reaction was incubated at 16°C for 1 hour. The reaction was terminated by 
phenol extraction and the DNA conventionally purified. The Ndel-digested, Klenow-treated DNA was then ligated with 
T4 DNA ligase at 4°C for 16 hours. Trie resulting DNA was used to conventionally transform E. coli K12 strain RV308 
(NRRL B-15624). Transfbrmants were selected on L-agar plates containing 100 ug/ml ampicillin and ptesmids isolated 
from resistant colonies by the rapid alkaline extraction procedure described by Bimboim and Doty. A plasmid (pL1 1 0A 
3(7 in Figure 1 3) lacking an Ndel site was selected. 

b. Construction of Phage PL110B by Site-Specific Mutagenesis 

[0182] The protocol for eliminating the BamH I site in the tetracycline resistance-conferring gene by site-specific 
35 mutagenesis is shown on the right hand side of Figure 13 of the accompanying drawings. 

b(i) Construction of Phage M13Tc3 

[0183] Plasmid pL110 served as the source of the tetracycline resistance-conferring gene. About 50 ug of plasmid 
40 pL110 in 50 uJ of TE buffer were added to 25 ui of 10X Hindlll buffer and 170 uJ of H 2 0. About 5 uJ (-50 units) of 
restriction enzyme Hindlll were added to the solution of plasmid pL110 DNA, and the resulting reaction was incubated 
at 37°C for 2 hours. About 1 3 ul of 2 M Tris-HCl, pH=7.4 v and 5 pi (-50 units) of restriction enzyme Eco RI were added 
to the Hmdlll-digested plasmid pL110 DNA, and the reaction was incubated for 2 more hours at 37°C. Trie reaction 
was stopped by extracting the reaction mixture with TE-satu rated phenol; the phenol was removed by chloroform 
45 extractions. The EcoRI-Hindlll-digested plasmid pL110 DNA was then collected by precipitation and centrifiigation, 
loaded into a 1% agarose gel, and the large "4.3 kb EcoRJ -Hindlll restriction fragment was Isolated and purified. 
[0184] About 5 ug of phage m13mp18 (New England Biolabs) were dissolved in 50 ul of TE buffer and then digested 
with Hindlll and Eco RI as described above. The Hindlll-EcoRI-cut phage M13mp18 DNA was purified as described 
for pL110 except that an -7.25 kb restriction fragment was isolated and purified. 
so [0185] About 100 nanograms of the -4.3 kb Hindill-EcoRI fragment of plasmid pL110 were mixed with about 100 
nanograms of the ~7J25 kb Hindlll-EcoRI fragment of phage M13mp18, 2 ul of 10X ligase buffer, 1 ui (-100 units) of 
T4 DNA ligase, and 1 4 uJ of H 2 0. The ligation reaction was incubated at 1 5°C for 1 .5 hours; the ligated DNA constituted 
the desired phage m13Tc3 DNA. A restriction site and function map of phage m13Tc3 is presented in Figure 13 of the 
accompanying drawings. 

6 [0188] One ml of an overnight culture of E. coli K12 JM109 (E.coli K12JM101, available from New England Biolabs, 
can be used instead of E. coli K12 JM109) was used to inoculate 50 ml of L broth, and the resulting culture was 
incubated at 37°C with aeration until the O-D.^ was between 0.3 and 0.4. The cells were resuspended in 25 ml of 
10 mM NaCI, Incubated on ice for 10 minutes, and collected by centrifugation. The ceils were resuspended in 1.25 mi 



21 



EP 0 678 522 B1 

of 75 mM CaCI 2 ; a 200 pxl aGquot of the cells was removed, added to 10 jil of the ligated DNA prepared above, and 
incubated on ice for about 40 minutes. The oell-DNA mixture was then incubated at 42°C lor 2 minutes, and varying 
aGquots (1,10, and 100 ill) were removed and added to 3 ml of top agar (L broth with 0.5% agar kept molten at 45°C) 
that also contained 50 pii of 2% X-Gal, 60 prl of 100 mM IPTG, and 200 uJofE.coli K12 JM109 in logarithmic growth 
s phase. The cell-top agar mixture was then plated on L-agar plates containing 40 pg/ml X-Gal (5-bromo-4-chtoro-3-in- 
dolyl-p-D4hiogalactoside) and 0.1 mM IPTG (isopropyl-^D^hiogaiactoside), and the plates were incubated at 37° C 
overnight. 

[0187] The following morning, several clear, as opposed to blue, plaques were individually used to inoculate 2 ml of 
L broth, and the resulting cultures were incubated at 37°C with aeration for 2 hours. The absence of blue color indicates 

10 the desired DNA insertion occurred. Then, the cultures were centrifuged, and 200 pi of the resulting supernatant were 
added to 10 ml cultures (O.D.^ = 0.5} of E. coli K12 JM109 growing at 37°C with aeration. These cultures were 
incubated for another 30 minutes at 37°C; then, the cells were pelleted by centrifugation and used to prepare the 
replicative-fbrm of the recombinant phage they contained. Double-stranded, implicative form phage DNA was isolated 
from the ceils using a scaied-down version of the procedure described in Example 1. Transformants containing phage 

15 ml 3Tc3 DNA were identified by restriction enzyme analysis of their phage DNA. 

b(ii) Preparation of Single-Stranded Phage m13Tc3 DNA 

[0188] One and one-half mi of an overnight culture of E. coli K12 JM109/m1 3Tc3 were centrifuged, and 100 jjJ of the 
20 phage m13Tc3-containing supernatant were used to inoculate a 25 ml culture of E. coli JM109 at an CD.^ of about 
0.4-0.5. The culture was incubated for 6 hours at 37°C with aeration, at which time the culture was centrifuged and 
the resulting supernatant, about 20 mi, transferred to a new tube. About 2 ml of a solution containing 20% polyethylene 
glycol (PEG) 6000 and 14.6% NaCI were added to the supernatant, which was then incubated on ice for 20 minutes. 
[01 89] The supernatant was centrifuged for 25 minutes at 7000 rpm, and the resulting pellet, which contained si ngle- 
25 stranded phage m13Tc3 DNA, was resuspended in SOOfJofTE buffer. The DNA solution was extracted twice with TE- 
saturated phenol and twice with chloroform. The single-stranded DNA was then precipitated using NaOAc and ethanol 
and centrifuged. The resulting pellet was washed with 70% ethanol, dried, and then dissolved in 60 pJ of H 2 0. 

b(iii) Mutagenesis 

[0190] The single-stranded DNA fragment used In the mutagenesis was synthesized on an automated DNA synthe- 
sizer. The fragment has the sequence, S'-CCCQTCCTGTGQATACTCTACG CCGA-3', and Is homologous to the region 
surrounding the Bam HI site (5-GGATC03') in the tetracycGne resistance-conferring gene from piasmkJ pBR322, ex- 
cept that the A residue second from the 5 1 end (or third from the 3' end) Is a C In plasmid pBR322. TWs change does 

95 not alter the amino acid composition of the tetracycline resistance-conferring protein but eliminates the BamHI site. 
[0191] About 10 pi co moles of the mutagenic primer and the M13 universal primer (Bethesda Research Laboratories 
(BRL), P.O. Box 6009, Gaithersburg, MD 20760) were individually treated with 10 units (BRL) of T4 polynucleotide 
kinase in 20 pi of 1X kinase buffer (60 mM Tris-HCI, pH = 7.8; 15 mM 2-mercaptoethanol; 10 mM Mgd 2 ; and 0.41 jiM 
ATP) for 30 minutes at 37° C. The kinase-treated DNAs were used in the mutagenesis procedure described below. 

40 [0192| The annealing reaction was carried out mixing together 300 nanograms (1.2 pi) of single-stranded phage 
m13Tc3, 1 picomole (2 jil) of the universal primer, 1 plcomole (2 pJ) of the mutagenic primer, 2 pi of 10X annealing 
buffer (100 mM Tris-HCI, pH=75; 1 mM EDTA; and 500 mM NaCI), and 12.8 pi of h^O. The reaction was incubated 
at 60°C for 2 minutes, at 50°C for 5 minutes, and then allowed to cool to room temperatire. 
[0193] The extension reaction was carried out by adding 5 pJ of 10X extension buffer (500 mM Tris-HCI, pH=8; 1 

45 mM EDTA; and 120 mM MgCI 2 ); 5 p] of 2 mM dATP; 1 pi of a solution 6 mM in each of dGTP, TTP, and dCTP; 1 pJ (-2 
units, Pharmacia P-L Biochemical*, 800 Centennial Avenue, Rscataway, NJ 08854) of Klenow enzyme; 1 jjJ (1 00 units) 
of T4 DNA iigase; and 17 pi of H 2 0 to the mixture of annealed DNA. The extension reaction was incubated at room 
temperature for 1 hour, then at 37°C for 2.5 hours, and then overnight at 4°C. 

[0194] The reaction was stopped by two extractions with TE-saturated phenol, which werefollowed by two extractions 
so with CHCI 3 . The DNA was precipitated with ethanol and NaOAc. The DNA was collected by centrifugation and resus- 
pended in 50 pi of H 2 0, and 6 ill of 10X S1 buffer were then added to the solution of DNA. 
[0195] The solution of DNA was spGt equally into three tubes. About 200 units (Miles Laboratories) of S1 nuclease 
were added to two of the tubes. One S1 reaction was incubated at room temperature for 5 minutes, the other for 10 
minutes. Trie reactions were stopped by extracting the reaction mixture twice with TE-saturated phenol. The phenol 
55 extractions were followed by two extractions with chloroform; then, the DNA was precipitated from the reaction mixture 
with NaOAc and ethanol. The untreated sample of DNA served as a negative control. The S1 -treated samples were 
kept separate from each other throughout the remainder of the procedure but gave similar results. 
[0196] The DNA pellets were resuspended in 20 jxl of h^O, and 10 pJ of the resulting solution were used to transform 
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E. coji K1 2 JM 1 09 (E. coji K1 2 J M 1 01 could also ba used) in accordance with the procedure used during the construction 
of phage m13Tc3, except that no IPTG or X-Ga! was added to the plates. 

[01 97] Double-stranded replicative form DNA from about 46 plaques was isolated as described above and screened 
for the presence of a BamH I restriction site. Isolates without a Bam HI site were further screened by preparing single- 
5 stranded DNA as described above. The single-stranded DNA was sequenced using the dideoxy sequencing method 
(J.H. Smith, 1980, Methods in Enzymology 65: 560-580). The desired isolate was designated pL110B (Figure 13). 

c. Construction of Plasmid pL110C 

10 [0198] About 50 ug of the replicative form of phage pL110B DNA were digested in 250 ^ of 1X Nhel buffer (50 mM 
NaCI; 6 mM Tris-HCI, pH=7.5; 6 mM MgCI 2 ; and 6 mM p-mercaptoethanoi) containing -50 units of Nhel restriction 
enzyme at 37°C for 2 hours. Five jil of 5 M NaCI were then added to the Nhel-digested phage pL110B DNA, followed 
by 5 ill (-50 units) of Sail restriction enzyme. Digestion was continued for 2 hours at 37°C. The desired -422 bp Nhel- 
Sall fragment containing the mutated region of the tetracycline resistance-conferring gene was then isolated from an 

15 acrylamide get, according to well known standard procedures. 

[0199] PI as mid pL1 1 0A DNA was digested with Nhel and Sail under identical conditions, except that plasmid pL1 1 0A 
was substituted for phage pL110B. The -6.1 kb Nh el-Sal I restriction fragment of plasmid pL110A was purified from 
agarose. 

[0200] The desired plasmid pL110C was constructed by llgating together 100 nanograms each of the Ntel-Sall 
20 fragments of pL110A (~6.1 kb) and pL110B (-422 bp) using conventional procedures. A restriction site and function 
map of plasmid pL110C Is presented in Figure 13 of the accompanying drawings. The desired plasmid pL110C confers 
tetracycline resistance to 1 0 ug/ml tetracycline in E. coji but lacks a Bam HI site in the tetracycline resistance-conferring 
gene. 

25 11. Constiuction of Plasmid pCZR111 

[0201] Plasmid pL110C contains a single Clal restriction site which was removed by running the following reactions. 
About 1 fig of plasmid pL110C was digested with Cjal in substantial accordance with the teaching of Example 28A2, 
except restriction enzyme Clal and 10X Cjal Buffer (500 mM NaCI, 100 mM Tris-HCI (pH 7.9) and 100 mM MgCI 2 ) 
30 were used. The Cjal -digested DNA was then treated with Klenow in substantial accordance with the teaching of Ex- 
ample 26A5, except only dCTP, rather than all four dNTPs, was added. 

[0202] The DNA was then precipitated and resuspended in 50 uJ of Mung Bean Nuclease Buffer (50 mM Sodium 
Acetate (pH 5.0), 30 mM Nad and 1 mM ZnS0 4 ). One unit of Mung Bean Nuclease (commercially available from New 
England Biolabs) was added and the reaction was incubated at 30°C for 30 minutes. The tube was then placed in Ice 
35 and NaCI was added to 02 M, then the mixture was phenol/chloroform extracted, ethanol precipitated and resuspended 
in 10 mM Tris-HCI (pH 8.0). The DNA was then self-lighted and transformed into E. con cells in substantial accordance 
with the teaching of Examples 28A3 and 28A4. The resultant plasmid was designated plasmid pCZRVM. 

12. Construction of Plasmid pCZR126S 

40 

[0203] About 26 ug of plasmid pCZR111 was digested with Xbal as follows. 10X Xbal buffer consists of BOOmM 
Tris-HCI, 100mM MgCfe, 1 M Nad, and 10mM 2-rnercaptoethanol, pH 7.5 (at 37°C). 50 ul of 10X Xbal buffer, 15 ul of 
Xba I (10U/ul), and 185 ul of H 2 0 were added to the 250 ul of water containing about 25 ug of plasmid pL110. The 
digestion proceeded at 37°C for 1 hour. Xbal digested pL110 was then extracted in phenol, a 1/10 volume 3M 
45 CH 3 COO-Na was added, 3 volumes of ethanol were added; the mixture was incubated in a dry ice-ethanol bath for 5 
minutes, and then centrifuged The precipitated DNA was resuspended in 50 ul HzO- 

[0204] The Xbal digested plasmid pCZR111 was digested with BamH I as follows. 0.2 ul of BamHI (10 U/ul), 10 ul of 
Bam HI buffer (1Q0mM Tris-HCI, 50mM MgCI 2 , 1 M NaCI, and 10mM 2-Mercaptoethanol, pH 8.0 [at 37°C]), and 90 ul 
of H2O was added to the 50 ul of Xbal digested pL110 obtained hereinabove. The digest proceeded for 5 minutes at 

so 37°C. The digested pCZR111 was extracted in phenol, a 1/10 volumes of CH 3 COONa+ was added, followed by addition 
of 3 volumes of ethanol. Precipitated DNA was resuspended in 50 ul of 10mM Tris, 1mM EDTA, pH 8.0 buffer. 
[0205] The Xtal and Bam HI digested pCZR111 was then loaded onto an agarose gel and the DNA band at about 
5.8 kb was isolated. Plasmid pCZR126S was produced by llgating the -5.8 kb fragment of pCZR111 to an Xbal to 
Ndel linker and a synthetic gene encoding EK-bovine growth hormone, which contains an Ndel site on its 5" end and 

55 a Bam HI site on its 3* end. The Xbal to Ndel sequence was produced using standard oligonucleotide sequence meth- 
odology and consists of the following sequence: 
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5' CiAGAGGGTATTAATAATGTATATTGATTTTAATAAGGAGGAATAATCA 3' 

!IIIIII(lll!lllltllllitlIIII(llll!il!llllll(l 

TCCCATAA7TATTACATATAACTAAAATTATTCCTCCT7ATTAGTAT 5' 

[0206] The above sequence was constructed by chemical synthesis of both strands, followed by mixing to allow 
hybridization. The gene encoding EK bGH was constructed from 16 chemically synthesized pieces of single-stranded 
DNA, ranging from 71 to 83 nucleotides long, which together comprise both complementary strands of the entire gene. 
The synthesis was done using an Applied Biosystems (ABS) machine and consists of the following sequence: 

5' TATGTTCCCATTGGATGATGATGATAAGTTCCCAGCCATGTCCTT 

lllllllllllll>lll!llllll!llltfllill!i;U!llll 
ACAAGGGTAACCTACTACTACTATTCAAGGGTCGGTACAGGAA 

GTCCGGCCTGTTTGCCAACGCTGTGCTCCGGGCTCAGCACCTGCATCAGCTGGCTGCTGA 

iiiiiiiiiMiiiiiriiiiiiitiiiiiiniiiuiiiiiiiiiiiiiiiiiiiiii 

CAGGCCGGACAMCGGTTGCGACACGAGGCCCGAGTCGTGGACGTAGTCtfACCGACGACT 
CACCTTCAAAGAGTTTGAGCGCACCTACATCCCGGAGGGACAGAGATACTCCAJ'CCAGAA 

ItlltlltllltillltMlllllllllillllllillllMIIIIIMIIIIIflllll 

GTGGAAGTTTCTCAAACTCGCGTGGATGTAGGGCCTCCCTGTCTCTATGAGGTAGCTCrr 
CACCCAGGTTGCCTTCTGCTTCTCTGAAACCATCCCGGCCCCCACGGGCAAGAATGAGQ5 

1 1 mi mi in 1 1 in i limn iiiiiiiimiiiimu minimi mi i 

GTGGGTCCAACGGAAGACGAAGAGACTTTGGTAGGGCCGGGGGTGCCCGTTCTTACTCCG 
CCAGCAGAAATCAGAOTGGAGCTGCTTCGCATCTCACTGCTCCTCATCCAGTCGTGGCT 

iniiiiiiniiiiiHiiiiiiMiiiiiitiiiiiiiiitiiiiitiiiiiiiiin 

GGTCGTCTTTAGTCTGAACCTCGACGAAGCGTAGAGTGACGAGGAGTAGGTCAGCACCGA 
TGGGCCCCTGCAGTTCCTCAGCAGAGTCTTCACCAACAGCTTGGTGTTTGGCACCTCGGA 

riiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiii 

ACCCGGGGACGTCAAGGAGTCGTCTCAGAAGTGGTTGTCGAACCACAAACCGTGGAGCCT 
CCGTGTC1ATGAGAAGCTGAAGGACCTGGAGGAAGGCATCCTGGCCCTGATGCGGGAGCT 

iiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiniiiitiiiiii 

GGCACAGATACTCTTCGACTTCCTGGACCTCCTTCCGTAGGACCGGGACTACGCCCTCGA 
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CCAA(^TG(^CCCCCCGGGCTGGGCAGATCCTCAA<K^GACCTATCACAAATTTGACAC 

IlililMlillllilllllilHIMIIIIfilHUIIIiHIIMniillllllll 

CCmTACCCTGCGGCWCCCACCCtm^ACCACTTCCTCT 
AAACATGCGCACTCACGACGCGCTCCTCAAGAACTACG<ntn , GCrCT 

llUlilllMIIHIIilllllllllltlltltlillllintlllliMIIUMIII 

TTTGTACCCffn^CTGCTGCGCGACCACTTCTTGATGCCAGA 
GGACCTGttTMtoCGGAGACCTACCTGAG 

1 1 1 ! f 1 1 1 1 1 1 1 1 1 1 f 1 1 1 1 1 1 1 1 1 1 1 1 f 1 1 f I f 1 1 1 1 1 f 1 1 1 1 f If 1 1 1 1 1 f 1 1 1 M 1 1 

CCTGGACGTATTCTGCCTCTGCATGGACTCCCAGTACITCACGGCGGCGA^ 
CAGCTGTGCCTTCTAG 3* 

IHIIIIIIIIIIIM 

GTCGACACCCAAGATCCTAG 5 f 

[0207] Construction of plasmJd pCZR126S was accomplished by ligation of the following site components: -0.28 
ug of the 5.8 kb fragment obtained from plasm Id pL110 after complete digestion with Xbal and partial digestion with 
Bam HI in a total volume of 2 ul, ~0.18 ug of the synthetic gene encoding a bovine growth factor derivative which has 
a 5' termini corresponding to a Xbal site and a 3' termini corresponding to a Bam HI site in a total volume of 2.5 ul, 6.75 
picomoles of the chemically synthesized Xba l to Ndel linker in 1 ul. Trie plasrrtid components were added to 6 ul of 5x 
ligation buffer 250 mM Tris-HCI, 50 mM MgCI 2 , 5 mM ATP, 5 mM DTT, 25% vfv polyethylene glycol 8,000, pH 7.6. 2 
ul of iigase, and 16.5 ul of H2O. The ligation mixture was incubated overnight at 16°C. The circularized plasmid 
pCZR126S was then used to transform E. coli RV308 cells in substantial accord with the method of Example 28A3. A 
restriction site and function map of plasmid pCZR126S is presented in Figure 14 of the accompanying drawings. 

B. Construction of Human Projnsuljn Expression Plasmid pRB172 

1. Construction of plasmid pRB145 

[0208] The human proinsulin gene wot first custom synthesized and cloned into PUC18 plasmid (commercially avail- 
able from BRL). The gene was synthesized using standard techniques and comprises the sequence: 
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Hindlll Ndel Drain 
5 ' 1 AGCTTCAT ' ATGTATTTTGTTAACCAACACCTGTGCGGCTCCCACCTG 1 GTGGAAGCTCT 
AGTA TACATAAAACAATTGGTTGTGGACACGCCGAGGGTGGAC CACCTTCGAGA 

GTACCTGGTGTGCGGTGAACGTGGCTTCTTCTACACCCCGAAGACCCGCCGTGAGGCA 
CATGGACCACACGCCACTTGCACCGAAGAAGATGTGGGGCnCTGGGCGGCACTCCGT 
Avail Xmal 
GAG ' GACCTGCAGGTGGGTCAGGTGGAGCTGGGCGGTGGC ' CCGGGTGCAGGCAGCCTGC 
CTC CTGGACGTCCACCCAGTCCACCTCGACCCGCCACCG GGCCCACGTCCGTCGGACG 



AGCCGCTGGCCCTGGAGGGTTCCCTGCAGAAGCGTGGCATTGTGGAACAATGCTGTAC 
TCGGCGACCGGGACCTCCCAAGGGACGTCTTCGCACCGTAACACCTTGTTACGACATG 

BamHI 

CAGCATCTGCTCCCTGTACCAGCTGGACAACTACTGCAACTAG ' GATCCG 3 1 

GTCGTAGACGAGGGACATGGTCGACCTCTTGATGACGTTGATC CTAGGCTTAAj 5' 

ECORI 

One of the clones having the correct sequence was selected for the production of cesium chloride purified DIMA. The 
plasmid was isolated by the standard procedure 

GGAAGATGGCACCCCCCGGGCTGGGCAGATCCTCAAGCAGACCTATGACAAATTTGACAC 

IMIMIilllMlllllllililllllllllliliniMliillliMIIIIIIMIt 

CCTTCTACCGTGGGGGGCCCGACCCGTCTAGGAGTTCGTCTGGATACTGTTTAAACTGTG 
AAACATGCGCAGTGACGACGCGCTGCTCAAGAACTACGGTCTGCTCTCCTGCITCCGGAA 

IIIIIIIIIIIIMIIIIIIIIMIIIIIIillllllllllllllilllKMIMIIII 

TTTGTACGCGTCACTGCTGCGCGACGAGTTCTTGATGCCAGACGAGAGGACGAAGGCCTT 
GGACCTGCATAAGACGGAGACGTACCTGAGGGTCATGAAGTGCCGCCGCTTCGGGGAGGC 

lllllinillllllllllllllllllllllllllMIIIIIIIIIIIIIIIMHIM! 

CCTGGACGTATTCTGCCTCTGCATGGACTCCCAGTACTTCACGGCGGCGAAGCCCCTCCG 

CAGCTGTGCCTTCTAG 3' 

JlllflllflJIfllJ 
GTCGACACGGAAGATCCTAG 5' 

[0209] Construction of plasmid pCZR126S was accomplished by ligation of the following site components: -0.28 
ug of the 5.8 kb fragment obtained from plasmid pL110 after complete digestion with Xbal and partial digestion with 
Bam HI In a total volume of 2 ul, -0.18 ug of the synthetic gene encoding a bovine growth factor derivative which h8S 
a 5' termini corresponding to a Mai site and a 3 termini corresponding to a Bam HI site In a total volume of 2.5 ul, 8.75 
picomoles of the chemically synthesized Xba l to Nde l linker in 1 ul. The plasmid components were added to 6 ul of 5x 
ligation buffer 250 mM Tris-HCI, 50 mM MgCI 2 , 5 mM ATP, 5 mM DTT, 25% vtv polyethylene glycol 8,000, pH 7.6, 2 
id of ligase, and 16.5 ul of H 2 0. The ligation mixture was incubated overnight at 16°C. The circularized plasmid 
PCZR126S was then used to transform E. coji RV308 cells in substantial accord with the method of Example 29A3. A 
restriction site and function map of plasmid pCZR126S is presented in Figure 14 of the accompanying drawings, [see, 
tor example. Molecular Cloning. A Laboratory Manual, (1962) ed. by Maniatia, T; Fritsch, E.F. and Sambrook, J., Cold 
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Spring Harbour Laboratory Publications, New York the entire teaching of which is herein incorporated by reference]. 
About 6 pi (20 pg) of this plasmid DNA was added to 20 pJ of 10X fWel buffer (150 mm NaCI, 10 mM Tris-HCI (pH 7.8), 
6 mM MgCfe, 6 mM 2-mercaptoethanol f 100 pg/ml BSA), 5 pi Ndel restriction enzyme (-40 units) and 169 pi H2O. 
After mixing, the reaction was incubated at 37*C for 2 hours. The DNA was precipitated by making the mix 0.3 M 
s NaOAc, adding three volumes of ethanol, mixing and chilling to -70°C and centrifuging. The DNA pellet was washed 
with 70% ethanol (1 ml), dried and dissolved in 20 jxl of 10X Bam HI buffer (150 mm NaCI, 6 mM Tris-HCI (pH 7.9), 6 
mM Mgd 2 , 1 <M> W' ml BSA), 2 pi of BamHI restriction enzyme (40 units) and 178 pi H 2 0. After gentle mixing, the 
reaction was Incubated at 37°C for 2 hours. The DNA was again preclplated with three volumes of ethanol as above 
and electrophoresed on a 1% low melting agarose gel (FMC, sea plaque agarose). The desired DNA fragment cone- 
to sponding to about 270 bp was sliced from the gel and then DNA was recovered by melting the agarose and passing 
through an Elutip-d oolumn (Schleicher & Schuefl, Keene, N.H.) according to the procedure reoommended by the 
vendor. After precipitation and drying, the DNA was stored in 30 pi of 10 mM Tris-HCI pH 8.0. 
[0210] About 15 pg of plasmid pC2R126S (from Example 29A12) was suspended In 20 pJ of 10X Ndel buffer, 5 pi 
of Ndel restriction enzyme (40 units) and H 2 0 (175 pi), gently mixed and incubated at 37°C for 2 hours. After the 
15 incubation, the DNA was precipitated with three volumes of ethanol as above, dried and then resuspended in 20 pi of 
10X Bam HI buffer, 2 |jj of Bam HI restriction enzyme (40 units) and 178 nl water. After gentle mixing, the reaction was 
incubated at 37°C for 2 hours. The DNA was again precipitated with three volumes of ethanol and electrophoreses on 
a 1% low-melting agarose gel. The larger fragment corresponding to the vector DNA was sliced from this gel and the 
DNA was recovered by the Elutip-d column procedure as described above. After precipitation and drying the vector 
20 DNA was stored In 35 pi of 10 mm Tris-HCI pH 8.0. 

[021 1] About 2.5 pi of the vector DNA was mixed with 1 2 pi of the purified Human insulin gene fragment from above, 
4 pi of 10 mM ATP, 0.5 pJ of 1M dithtothreitol, 5 pJ of 10X Ugase buffer (500 mM Tris-HQ pH 7.6, and 100 mM MgCy, 
26 pi of water and 0.5 pJ of T 4 -DNA Ugase (Pharmacia, 3.5 units). The reaction was incubated at 4°C for 16 hours. 
The ligated mixture was diluted with 50 pi of 10 mM Tris-HCI (pH 7.6) and 3 pi of 1 M CaCI 2 and then subsequently 
25 transformed into E. coli K1 2 RV308 in substantial accordance with the teaching of Example 28A3. The cells were plated 
on TY plates supplemented with 5 pg/ml tetracycline then incubated overnight at 32°C. 

[021 2] Rasrrtids from 3 mL cultures were isolated from tetracycline resistant colonies by the rapid alkaline extraction 
procedure described in Molecular Cloning, A Laboratory Manual (1982) ed. by Maniatis, T., Fritsch, E.R, and Sarnbrook, 
J. Cold Spring Harbour publications, New York, (page 368-369). Trie presence of the correct human proinsufin gene 
30 fragment was found by miniscreen procedure using polyacrylamide gel electrophoresis to analyze the Xbal/BamHI 
digested fragment. TTiose plasmlds with the correct size (about 315 bp) Inserts were selected for amplification and 
purification. The plasmid containing the human proinsunn gene was pRB145. A restriction site and function map of 
plasmid pRB145 is presented in Figure 16 of the accompanying drawings. 

35 2. Construction of plasmid pRB164A 

[0213] About 30 pg of plasmid pRB145 was suspended in 20 pJ of 10X rWel buffer, 5 pJ of Nctel restriction enzyme 
(New England Biolabs, 40 units), and 175 pi H 2 0 gently mixed and incubated at 37°C for 1 hour. Two pi of BamHI 
restriction enzyme (New England Biolabs, 40 units) was then added to the reaction mixture and the Incubation at 37°C 

40 was continued for another 2 hours. The DNA was precipitated with three volumes of ethanol and 0.3M NaOAc and 
electrophoresed on a 1% low melting agarose gel. The smaller (about 270 bp) Nde l /Bam HI restriction fragment en- 
coding the human proinsulin gene was diced from the gel and the DNA was recovered by passing through an Elutip- 
d column as described previously. After precipitation and drying, the DNA was stored in 30 pi of 10 mM Tris pH 8.0. 
[0214] To this DNA (30 pi) was then added 20 pi of 10X Avail buffer (50 mM NaCI, 6 mM Tris-HCI. pH 8.0, 10 mM 

45 Mgd 2 ' 6 mM 2-mercaptoethanol, 100 pg/ml BSA), 5 pi of Avail restriction enzyme (New England Biolabs, 20 units), 
and 1 75 pJ of H 2 0. After gentry mixing, this reaction was Incubated at 37 Q C for 2 hours. The DNA was precipitated with 
three volumes of ethanol and 3M NaOAc (20 pi) and then electrophoresed on a 1.2% low melting agarose gel. The 
larger Avall/BamHI restriction fragment (about 156 bp) was sOced from the gel and then DNA was recovered by passing 
through an Elutip-d column as described above. After precipitation and drying, the DNA was stored in 30 pi of 10 mM 

so tris pH 8.0. 

[021 5] The DNA (—115 bp) corresponding to the Ndel/Avail restriction fragment of human proinsulin gene was syn- 
thetically prepared. The first step consisted of synthesis of four single stranded deoxyriboofigonucleotides by the DNA 
synthesizer (Applied Biosystems, model 380B). The nucleotide sequences of these four oligonucleotides are 

55 1. 
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TATGCGTATGTTTGTTAACCAACACCTGTGCGGCTCCCACCTO 
GTGGAAGCTCTGTACCT (60 mer) 

5 

2. 

10 

GGTGTGCGGTGMCGTGGCTTCTTCTACACCAAGCCGACC 
CGCCGTGAGGCAGAG (55 mer) 

15 

3. 

2D CACCAGGTACAGAGCTTCCACCAGGTGGGAGCC 

GCACAGGTGTTGGTTAACAAACATACGCA (62 mer) 

25 4. 

GTCCTCTGCCTCACGGCGGGTCGGCTTGGTGTAGAA 
so GAAGCCACGTTCACCGCA (54 mer) 

[0216] After purifying each oligonucleotide by polyacrytemide gel electrophoresis, oligonucleotides two and three 
were phosphorylated according to the teachings of Brown, E.L, Belagaje, R., Ryan, M.J., and Khorana, H.G. (1979) 

35 Methods in Enzymology, Ed. by Wu, R., Academic Press, N.Y. 68, 109-151 the entire teaching of which is herein 
incorporated by reference. The phosphorylated oligonucleotides two and three (-71 5 pmoles of each) were then mixed 
with oligonucleotides one and two (-660 pmoles), annealed and ligated in a buffer (200 pi) containing 50 mM Tris-HCI 
(pH 7.6), 10 mM MgCI* 10 mM DTT, 50 pM ATP and 20 units of T 4 DNA ligase (Pharmacia) for 16 hours at 4°C. The 
ligation product was purified on a 1 5% polyacrylamlde gel . The DNA was recovered from the gel slice electrophoretically 

40 followed by desalting on a Sephadex G-50 column. The yield of the desired ligated product was 485 pmoles. 

[0217] About 100 pmoles of this DNA were phosphorylated in a buffer (50 pi) containing 50 mM Tris (pH 7.6), 10 
mM MgCI 2 , 10 mM DTT and ATP, as described in Brown, E.L et al., (1979), Methods in Enzymology 68, 109-151 the 
teaching of which is herein incorporated by reference. After filtration through a column of Sephadex G-50, the DNA. 
was stored in 50 pi of 10 mM Tris, pH 8.0. 

45 [0218] About 2.5 |il of the vector DNA (Nde l -Bam HI digested pCZR126S) was mixed with 18 pJ of Avail/Bam HI 
restriction fragment from plasmid pRB145 and 10 pJ (1 0 pmoles) Nde I /Avail synthetic linker just constructed in a buffer 
(50 ill) containing 50 mM Tris (pH 7.6), 10 mM MgCi 2 > 10 mM DTT, 800 pi ATP and 3.5 units of T 4 DNA ligase. The 
reaction was incubated at 4°C overnight and then transformed into E. coji K12 RV308 in accordance with the procedure 
of Example 29A3. The desired transformarrt E. coli K12 RV308/pRB1B4A was identified by analysis of its plasmid DNA. 

so The proper transformant was grown at 30°C in TY media containing 5 pg/mJ tetracycline to an O.D.^ of about 0.2 
(early log phase) and then shifted to 42°C for 3 to 3.5 hours to induce the synthesis of the human prdnsulin. The cells 
were pelleted and lysed by the addition of sample buffer (0.125 M Tris-HCI (pH 6.8), 2% SDS, 30% glycerol, 1M 
2-mercaptoethanoi, 6M urea). Samples were heated to 97°C for 2 minutes prior to loading on an acrylamide gel. Bands 
were easily visualized by staining with Coomassie Brilliant Blue dye. A scanning gel densitometer was used to quantitate 

ss the percentages of cell protein. A restriction site and function map of plasmid pRB164A is presented in Figure 17 of 
the accompanying drawings. 
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3. Construction of plasmid pRB172 

[0219] About 25 pxg of plasmid pRB145 was suspended in 15 nl of 10X Dral ll buffer (200 mM NaCI, 50 mM Tris-HO 
(pH 7.5), 10 mM MgCI^ 1 mM DTT, 10 |ig/ml BSA) 6 \J of Dralll restriction enzyme (Boehringer Mannheim, 27 units) 

s and 129 pJ of H 2 0, gently mixed and incubated at 37°C for 6 hours. After the incubation, the DNA was precipitated, 
dried and resuspended in 10 ^ of 1QX Xbal buffer (150 mM NaCI, 6 mM Tris-HCI pH 7.9, 6 mM MgCI 2 , 7 mM 2 
merceptoethanol, 100 jig/ml BSA), 3 [il of Xbal restriction enzyme (Boehringer Mannheim, 36 units) and 77 jxl of H 2 0. 
Trie reaction was gently mixed and incubated at 37° C for 4 hours. The DNA was again precipitated with three volumes 
of ethanoi and NaOAc and electrophoresed on a 1 % low melting agarose gel. The lower band corresponding to the 

10 about 85 bp Xbal/Dralll restriction fragment of human proinsulin gene was sliced from the gel and the DNA was re- 
covered by the Elutip-d column procedure. After precipitation and drying, the DNA was stored in 30 ^ of 10 mM Trie 
pH 8.0. 

[0220] About 15 rig of plasmid pRB164A was cut with the restriction enzyme Dralll and Xbal in accordance with the 
procedure described above. The upper band corresponding to the Xbal/Dralll vector fragment was isolated from the 
« agarose get by the Elutip-d column procedure. After precipitation and drying, the DNA was stored in 30 pi of 10 mM 
Tris pH 8.0. 

[0221] About 5 til of the Xbal/Dra lll digested pRB164A vector DNA was mixed with 5 ni of the Xbal/Dralll restriction 
fragment from plasmid pBR145 In a buffer (50 pJ) containing 50 mM Tris-HCI (pH 7.6), 10 mM MgCIa, 10 mM DTT, 800 
}iM ATP and 6 units of T 4 DNA iigase. The reaction was incubated at 4°C overnight and used to transform E. coll 

20 K12/RV308 cells made competent by a standard CaCfe treatment. 

[0222] Transform ants were selected on TY agar plates containing 5 ng/ml tetracycline. Plasmids were isolated from 
tetracycline resistant colonies by the rapid alkaline extraction procedure and analyzed by digestion with Xba l and 
BamHI restriction endonucleases. DNA from positive clones was sequenced using the sequenase system (U.S. Bio- 
chemicals). Those plasmids with the correct desired sequence were selected for amplification and purification. In this 

20 manner, the E. cpji K1 2 RV308/pRB1 72 transformed was isolated. Expression and accumulation of human proinsulin 
harboring this plasmid was analyzed by visualization of the total ceOular protein following electrophoretic separation 
in a 15% polyacytamide matrix A restriction site and function map of plasmid pRB172 is presented in Figure 18 of the 
accompanying drawings. 

30 C. Construction of Escherichia coil RV308/pRB173 and pRB174 

[0223] About 20 pg of plasmid pRB172 or pRB145 was suspended In 20 pJ of 1 0X Xbal buffer (150 mm NaCI, 6 mM 
Tris-HCI, pH 7.9, 6 mM MgClg, 7 mM 2-mercaptoethanol, 100 nfl/mJ BSA) 2 \i\ of Xtel restriction enzyme (Boehringer 
Mannheim, 24 units) was added, gently mixed and incubated at 37°C for 4 hours. After the incubation, the DNA was 

3* precipitated, dried and resuspended in 10 ^ of 10X Bam HI buffer (100 mM Nad, 10 mM Tris-HCI (pH 8.0), 5 mM 
MgCt 2 ' 1 mM 2-mercaptoethanol, 100 fig/ml BSA), 5 jil of Bam HI restriction enzyme Boehringer Manheim (40 units) 
and 75 pJ of H 2 0. The reaction was gently mixed and incubated at 37°C for 4 hours. The DNA was again precipitated 
with ethanoi and NaOAc and electrophoresed on a 1 % low melting agarose gel. The about 320 bp Xbal/BamH I restric- 
tion fragment corresponding to the human proinsuln gene was Isolated from the gel by the Elutip-d column procedure. 

40 After precipitation and drying, the DNA was resuspended in 20 jjU of 10X Xma l buffer (25 mM NaCI, 10 mM Tris-HCI 
(pH 7.5), 10 mM MgCI 2 , 10 mM 2-mercaptoethanol, 100 pg/ml BSA), 10 pJ of Xma l restriction enzyme (New England 
Biolabs 10 units) and 170 jxi of water. The reaction was gently mixed and incubated at 37°C for 4 hours. After the 
incubation, the DNA was precipitated with ethanoi and NaOAc and electrophoresed on a 1 % low melting agarose gel. 
The larger DNA corresponding to the about 200 bp Xba l /Xma l restriction fragment was sliced from the gel and the 

45 DNA was recovered by the Elutip-d column as described before. Trie DNA was stored in 30 pJ of 1 0 mM Tris pH 8.0. 
[0224] The 61 bp DNA corresponding to an Xma l /Bam HI restriction fragment of human profrisulln gene was con- 
structed synthetically as follows. Two single stranded deoxyribooligonucleotides: 

50 CCGGGTGCAGGCAGCCTGCAGCCGCTGGCCCTGGAGGGTTCCCT (51 mcr) 

and 

55 GATCCTACTGCAGGGMCCCTCCAGGGCCAGCGWTGCAGGCTCKICTGCAC (5 1 mer ) 

were synthesized on an applied Biosystems DNA Synthesizer (model 380B) and purified by poryacylamide gel elec- 
trophoresis in presence of 7 M urea. After Isolation, the two oligonucleotides were phosphorylated according to the 
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teachings from Brown, E.L, Belagaje, R., Ryan, M.J., and Khorana, H.G. (1979) Methods in Enzymology, Ed. by Wu, 
R.. Academic Press, N.Y. 68, 109-151, and annealed to form the desired linker. 

[022?] About 10 jig of plasmid pCZR126S (from Example 29A12) was suspended in 20 pi of 10X Xbal buffer (150 
mM NaCI, 6 mM Tris-HCI (pH 7.9), 6 mM MgCI* 7 mM 2-mercaptoetfianol, 100 pgftnl BSA) 2 pi of Xbal restriction 

3 enzyme (Boehringer Mannheim, 24 units) and 178 pJ of water. The reaction was gently mixed and incubated at 37°C 
for 2 hours. After this incubation, 4 jxJ of 5M NaCI and 2 pi of Bam HI restriction enzyme (New England Biolabs, 20 
units) were added, and the incubation was continued for another 2 hours at 37°C. The DNA was then precipitated with 
ethanol and NaOAc by the standard procedure and electrophoresed on a 1 % low melting agarose gel. The upper band 
corresponding to Xbal/BamHI vector DNA was isolated with a Elutip-d column. After precipitation and drying, the DNA 

10 was stored in 30 pJ of 10 mM Tris, pH 8.0. 

[0226] About 5 ul of the Xba l /Bam HI-digested pCZR126S vector DNA was mixed with 10 id of the Xba l /Xmal restric- 
tion fragment from pRB145 or pRB172 and 4 pi of the Kinased Xmal/BamHI linker prepared above in a buffer (50 pi) 
containing 50 pM Tris (pH 7.6), 10 mM MgCI* 10 mM DTT, 800 pM ATP and 6 units of T 4 DNA ligase. The reaction 
was incubated at 4°C overnight and used to transform E. coji K12 RV308 strain in accordance with the procedure of 

is Example 28A3. The desired transformants, E. cpji K12 RV308/pRB173 (if made from the pRB172 vector fragment) 
and E. ool[K12 RV308/pRB1 74 (if made from the pRB145 vector fragment) were identified by analysis of their plasmid 
DNA and protein production before and after induction at 42° C. A restriction site and function map of plasmid pRB173 
is presented In Figure 19 of the accompanying drawings. 

[0227] About 200 ng of plasmid DNA from the mini-prep were also transformed Into E. coll L201 cells and the trans- 
20 formants were selected on 2 x TY agar plates containing 1 5 pg/ml tetracycline. The proteins expressed by the trans- 
formants were analyzed and the desired transformants were confirmed by their production of human proinsulin. In this 
matter, E. coji L201/pRB173 and E. coji L201/pRB174 were isolated. 

D. Construction of Escherichia coli K12 RV308/pRB175, pRB176, pRB177 and pRB178 

26 

[0228] About 12 pg of plasmid pRB172 was suspended in 15 pi of 10X Ndel buffer (100 mM NaCI, 50 mM Tris-HCI 
(pH 7.5), 10 mM MgCfe, 1 mM DTT, 100 pg/ml BSA), 2.5 pJ of Ndel restriction enzyme (20 units) and 133 pi of water. 
The reaction was gently mixed and incubated at 37°C overnight. After the incubation, the DNA was precipitated with 
ethanol and NaOAc by the standard procedure, dried and resuspended in 15 pi of 1 0X Dra in buffer (50 mM Tris-HCI 
30 ( P H 7.5), 200 mM NaCI, 10 mM MgCI 2 , 1 mM DTT) 5 pi of Dralll restriction enzyme (20 units) and 130 pi of H 2 0. After 
gently mixing, the reaction was incubated at 37°C ovemitfit. Tne DNA was again precipitated with ethanol and NaOAc 
as above and electrophoresed on a 1% low melting agarose. The desired larger restriction fragment was sliced from 
the gel and the DNA was recovered by the Elutip-d column procedure. The DNA was stored in 30 pi of 10 mM Tris HCI 
pH 8.0. 

35 [0229] The following DNA linkers were chemically synthesized by the Applied Biosystems DNA Synthesizer (model 
380B): 

(i) 

40 

5 ' TATGTACGACCAACACCTCTGCGGCTCCCATCTG 3 1 

3 1 ACATGCTGGTTGTGGACACGCCGAGGGTA 5' for pRB175 

46 

(li) 

so 5' TATGTACGACGTTAACCAACACCTGTGCGGCTCCCATCTG 3 f 

3 1 ACATGCTGCAATTGGTTGTGCACACGCCGAGGGTA 5 1 for pRB176 

55 (Hi) 
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5 ' TATGTATAACCAACACCTGTGCCGCTCCCATCTG 3 1 

3 f ACATATT6CTTGT6GACACGCCGA66GTA 5' for pRB177 



(Iv) 



s • TATCTACGTTAACCAACACCTGTGCGCCTCCCATCTG 3 ' 

3' ACATGCAATTGGTTGTGGACACGCCGAGGGTA 5* for pBB178 



[0230] After purifying each oligonucleotide by polyacrylamide gel electrophoresis, they were phosphorylated accord- 
ing to the teachings mentioned previously and annealed in order to facilitate the ligation and construction of the human 
proinsulin gene analog-encoding DISIA fragments. Trie linkers 0) to (Iv) were used to construct the plasmids pRB175, 
pRB176, pRB177 and pRB178 respectively. 

[0231] About 3 p} of the Ndel/Dral i l-digested pRB1 72 vector DNA fragment was mixed with 4 pJ of each of the separate 
Kinased linkers (Wv) in a buffer (50 jxl} containing 50 jiM Tris-HCI (pH 7.6), 10 mM MgCI 2i 10 mM DTT r 800 jiM ATP 
and 6 units of T 4 DNA llgase. The reaction was incubated at 4°C overnight and this mixture was used to transform E. 
coij K12 RV308 cells in accordance with the procedure of Example 29A3. The desired transformartts, E. coli K12 
RV308/pRB175, E. col[ K12 RV3O8/0RB176, E. coli RV308ApRB177 and E. coli K12 RV308/pRB178 were identified 
by analysis of their plasmid DNA and protein production before and after induction of the cells at 42°C. A restriction 
site and function map of plasmid pRB175 is presented in Figure 20 of the accompanying drawings. 
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Table I: Human Proinsulin Analogs 



Analog Plaaaid % Protein 

Met-Tyr-Human Proinsulin (HPI) pRB145 11.3 

Met-Arg-Met-{Iys(B28) f Pro(B29)HPI] pRBl64A 10.5 

Met-Tyr- (Lys(B28) ,Pro(B29)HPI] pRB172 7.3 

Met-TyrlLys(B28) , Pro(B29)B-chain]-Q* pRB173 ND 

Met-Tyr-lB-chainl-Q* pRBl74 ND 

Met-Tyr- [Des(Bl) f Befl(B2) ,Asp(B3) , pBB175 8.5 

Lys(B28),Pro(B29)HPI] 

Met-Tyr- [Asp(Bl) ,Lys (B28) , pRB176 9 . 3 

Pro(B29)HPI] 

Met-Tyr- IDes(Bl) >Des(B2) f Lys(B28) , pRB177 9.4 
Pro(B29)HPI] 

Met-Tyr- [Des(Bl) ,Eys(B28) f pRB178 8.5 
Pro(B29)HPI) 



*Q = -Arg-Arg-Glu-Ala-Glu-Asp-Leu-Gln-Val-Gly-Gln-Val-Glu- 
leu-Gly-Gly-Gly-Pro-Gly-Ala-Gly-Ser-Leu-Gln-Pro-Leu- 
Ala-Leu-Glu-Gly-Ser-Leu-Gln- ; 



E. A stock culture of E. coli K12 RV308/pRB172 was formed into a permanent stock culture in the following manner. 

[0232] Isolated colonies are spotted on the following phenotype plates: L-ag ar + 5 mogiml . Tc (tetracycline), L-agar 
+ Sm (streptomycin sulfate), M-9 medium agar (a salt based medium containing MgS0 4 , thiamine, HYCASE, and 
glucose), and M-9 medium agar without glucose and with lactose. One L-agar/Tc plate is incubated at 42°C, and the 
remaining plates are incubated at 30°C for 24 hours. A phenotypically correct colony selected from the 30°C L-agar/ 
Tc plate is used to inoculate a flask containing 50 ml. L-broth (contains tryptone, yeast extract, NaCI, and glucose) plus 
5 mogVml. Tc medium. The flask is incubated at 30°C with shaking for 7 hours. The material in the flask (1.2 ml.) is 
dispensed into bio-freeze vials and frozen in vapor-phase liquid nitrogen. The material then is thawed, and 1 ml. is 
used to Inoculate a flask containing 50 ml. of L-broth plus 5 wcgJml Tc. The flask Is incubated at 30°C with shaking 
for 4 hours. Two flasks containing 500 ml. of BG-7 medium (contains MgS0 4 , thiamine, glucose, Tc, and trace salts) 
are inoculated with 1 ml. each from the foregoing, and the flasks are incubated with shaking for 9 hours at 30*C. 
[0233] A 150-liter fermenter containing 80 liters of medium (contains citric acid, ferrous ammonium sulfate, K2HPO4, 
NH 4 CI, NaH 2 P0 4 , CaCIa MgS0 4 , glucose, and trace inorganic salts) is inoculated with 1 liter of the BG-7 medium 
broth from above. The fermenter is operated at 30°C until the carbon doxide evolution rate reaches 1 .0 mM/Umin. At 
that point, 50 liters of broth are transferred to the production fermenter to provide the cell inoculum. 
[0234] A 2500-liter fermenter containing 1 500 liters of the same medium used in the 1 50-liter fermenter is operated 
at 30°C until the carbon dioxide evolution rate reaches 1.0 mM/Umin, and then the temperature is raised to 40C. 
Operation is continued for an additional 8 hours. The broth is then heat inactivated at 61 °C for 7 minutes. The following 
yield data were obtained from the heat inactivated broth: Cell Yield, 13.1 grams/L dry weight; Product Potency, 273 
meg. Des-formyletafrnl. of broth; Specific Activity (e.g. grams product/gram of cell), 2.1 percent; Percent Formyiated 
Product, 13 percent 
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[0235] Fermentation broth is transferred into a stainless steel holding tank and the temperature maintained between 
2° and 8°C. The whole broth is then oentrifuged or filtered to collect the E. ooji cells such that a solids dry weight of 
approximately 15 to 20 percent is obtained. The collected cell solids ere reslurried in process water. The cells are then 
disrupted using high pressure homogenizatlon or other suitable methods to achieve lysis of 90 to 99 percent of the 

5 ceils. The homogenized slurry is diluted to 5 percent dry weight with process water. The pH of the diluted disrupted 
cell slurry is adjusted to between pH 7 and 10 by adding sodium hydroxide. The inclusion bodies (granules) are sep- 
arated from the ceil debris by differential centrifugatlon. The resulting concentrate Is from 15 to 20 percent solids. 
[0236] The inclusion bodies are solubillzed at alkaline pH In the presence of cysteine and urea. These solubinzed 
granules are subjected to cation exchange chromatography on SP Sepharose-superflow in order to resolve the mixed 

10 disulfide form of the proinsuGn analog from the bulk of granular material. 

[0237] The methionyl-tyrosine extension of the amino terminus of the proinsuiin analog is removed by incubation 
with cathepsin C, a dipeptidylamino peptidase. The catnap sin cleavage reaction is terminated by suifitolysis with po- 
tassium tetrathionate and cysteine at pH 6.8. Following solvent-exchange across Sephadex 6-25, the resulting S- 
sulphonate of the proinsuiin analog is allowed to fold by incubation at pH 10.6 in the presence of cysteine. The folding 

15 process is quenched by adjusting the pH to 2.4. Properly folded proinsuiin analog is resolved from improperly folded 
material as well as contaminants remaining from the cathepsin C cleavage step by hydrophobic interaction chroma- 
tography on SP20SS resin. This separation occurs across an acetone gradient so the organic solvent must be removed 
from the mainstream pool by evaporation before further processing. 

[0238] Following evaporation of the organic solvent property folded proinsuiin analog is Incubated with trypsin and 
2D carboxypeptidase B. These enzymes excise the C peptide of the proinsuiin analog and generate Lys<B28), Pro(B29) 
human Insulin. The insulin analog Isthen further purified by cation exchange chromatography on S-Sepharose followed 
by high performance reverse phase chromatography on a 10 08 resin. Acetonitrile is removed from the reverse 
phase mainstream by solvent exchange across Sephadex G-25 and the resulting material is concentrated using a 
spiral wound ultrafiltration system. Concentrated material is subjected to size exclusion chromatography on Sephadex 
25 G-50 resin and tyophilized to dryness. 

[0239] In Table II following are provided the amino acid analyses of compounds of the foregoing examples. 
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[0240] The physiological effects of the insulin analogs of the present Invention were shown in the following In vivo 
assay system. 

[0241] Normal male Sprague Dawley rats from the Charles River Laboratories (Portage, Ml) were used as test an- 
imals. They were obtained at a weight range of 160-180 gms and maintained for one week in animal rooms at 75°F 
with a controlled light cycle (lights on 7:00 a.m. - 7:00 p.m„ lights off 7 :00 p.m.- 7:00 am} The animals were fed Purina 
rat chow 5001 ad libitum. Rats used for each assay were fasted for 16 hours before being used. They weighed about 
200 gms when first used. On reaching a fasted weight of about 275 gm (over a period of three weeks), the animals 
were no longer used. One group often male rats was used each day for each compound tested (I.e., biosynthettc 



36 



EP 0 678 522 B1 



human insulin, porcine insulin and human insulin analog). Each group was used only once during the week. The ten 
rats were divided into two groups of five rats each. One group served as control and was given vehicle alone subcu- 
taneously. The other group of five rats was given the compound to be tested. The proteins were dissolved in 0.05N 
HCI (pH 1 3) to provide a stock solution of 100 jigm per ml. From this, a number of dilutions were made in normal saline 

s which was injected subcutaneously into the rats. A 100 uJ sample of blood was taken from the tafl vein of each rat at 
zero time and 30 minutes, 1 hour, 2 hours, 3 hours and 4 hours after administration. Glucose was determined colori- 
metrically by a glucose oxidase method (Sigma Chemical Co.). The percent change in blood glucose from the zero 
time value was calculated for each rat and the final results were expressed as the mean percent change ± SEM in the 
experimental group corrected for the mean change in the control group for that day. 

10 [0242] A dose-response curve was drawn from tests with 4 to 7 different concentrations of the compound tested 
using the maximal response at a given time (usually one or two hours after administration of the protein). From this 
curve an ED^ value was determined as that subcutaneous dose frig/kg) of the protein which gave half the maximal 
hypoglycemic response. The results are shown in Table III following. 



Table Ilia 
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Compound 


Maximum Effect (%) 




Biological Activity 0 


Human Insulin (HI)* 


66 


755 


100 ! 


Porcine Insulin 


60 


7.70 


103 


Lys(B2B),Pro(B29)HI 


66 


6.8 


117 


Ala(B28),Pro(B29)HI 


71 


15.0 


53 


Asp(B28),Pro(B29)HI 


64 


10.2 


78 


Asp(B10),Lys(B28), Pro(B29)HI 


53 


10.7 


74 


Gln(B28),Pro(B29)HI 


69 


6J6 


120 


Gly(B28),Pro(B29)HI 


58 


105 


76 


Met(B28),Pro(B29)HI 


51 


14.6 


54 


NIe(B28),Pro(B29)HI 


54 


7.0 


114 


Om(B28),Pro(B29)HI 


60 


12.7 


63 


Pro(B29)HI 


63 


8.7 


91 


Phe(B28),Pro(B29)HI 


57 


9.7 


82 


Vbl(B28),Pro(B29)HI 


53 


8.7 


91 



8 AD values shown refer to blood samples taken one hour otter administration of the compound shown 
0 Expressed In ngm/kg. subcutaneous 



36 c Relative to human Insulin 

d Btosynthetks human Insulin 

[0243] As noted previously, the insulin analogs of the present invention have a reduced propensity to dimertze or 
otherwise setf-assodate to higher molecular weight forms. Thus, upon administration of one or more of said analogs, 

40 a rapid onset of activity is achieved. The insulin analogs of the present invention ana effective in treating hyperglycemia 
by administering to a patient in need thereof an effective amount of an Insulin analog of formula I. As used herein the 
term "effective amount - refers to that amount of one or more insulin analogs of the present invention needed to lower 
or maintain blood sugar levels either therapeutically or prophylactically. This amount typically may range from about 
10 units up to about 60 units or more per day (or about 0.3 to about 2 mg assuming approximately 29 units per mg). 

46 However, it is to be understood that the amount of the insulin analog(s) actually administered will be determined by a 
physician in light of the relevant circumstances including the condition being treated (i.e., the cause of the hyperglyc- 
emia) the particular analog to be administered, the chosen parenteral route of administration, the age, weight and 
response of the Individual patient and the severity of the patients symptoms. Therefore, the above dosage ranges are 
not intended to limit the scope of the invention In any manner. 

so [0244] The insulin analogs of the invention are administered to a patient in need thereof (i.e., a patient suffering from 
hyperglycemia) by means of pharmaceutical compositions containing an effective amount of at least one Insulin analog 
of formula I In combination with one or more pharmaceutical^ acceptable exciplents or carriers. For these purposes, 
the pharmaceutical compositions may typically be formulated so as to contain about 100 units per mJ or similar con- 
centrations containing an effective amount of the insulin analog(s). These compositions are typically, though not neo- 

55 essarily, parenteral in nature and may be prepared by any of a variety of techniques using conventional excipients or 
carriers for parenteral products which are well known in the art See, for example, Remington's Pharmaceutical Sci- 
ences, 17th Edition, Mack Publishing Company, Easton, PA, USA (1985) which is incorporated herein by reference. 
For example, dosage forms for parenteral administration may be prepared by suspending or dissolving the desired 
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amount of at least one Insulin analog of formula I in a nontoxic liquid vehicle suitable for injection such as an aqueous 
medium and sterilizing the suspension or solution. Alternatively, a measured amount of the compound may be placed 
in a vial and the vial and its contents sterilized and sealed. An aocompanying vial or vehicle can be provided for purposes 
of mixing prior to administration. Pharmaceutical compositions adapted for parenteral administration employ diluents, 
excipients and carriers such as water and water-miscible organic solvents such as glycerin, sesame oil, groundnut oil, 
aqueous propylene glycol, N,N , -dimethylfbrmamide and the like. Examples of such pharmaceutical compositions in- 
clude sterile isotonic, aqueous saDne solutions of the insulin analogs of formula I which can be buffered wtth a phar- 
maceutical*/' acceptable buffer and which are pyrogen free. Additionally, the parenteral pharmaceutical formulation 
may contain preservatives such as metacresol or other agents to atflust pH of the final product such as sodium hy- 
droxide or hydrochloric acid. 

[0245] The insulin analogs ofthe present invention may also beformulated into pharmaceutical compositions suitable 
for intranasal administration. Such compositions are disclosed in detail in European Patent Application 0200383 A3 
which is incorporated herein by reference. Briefly, such compositions are formulated wtth one or more pharmaceutical^ 
acceptable diluents, a pharmaceutical^ acceptable amount of an alkali metal salt, the ammonium salt, or the free acid 
of a substantially zinc-tree insulin, and optionally, an absorption erihancing amount of at least one absorption enhancing 
agent selected from the group consisting of (1) oleic acid or an ester or salt thereof. (2) a liquid form sorbrtan fatty acid 
ester, (3) a liquid form polyoxyethylene derivative of a sorbrtan fatty acid ester, and (4) a liquid form hydroxypolyox- 
yethyWie-polyoxypro^ , % ^ t „ 

[0246] Todemonstratetheefficacyofint^ 

versus human sodium insulin the following study was conducted. Male beagle dogs weighing 10 to 12 kg were main- 
tained in excellent physical condition prior to and during the course erf the study. The dogs were fasted for 16 hours 
but had access to water to ensure against unexpected fluctuations in InsuDn levels. During the entire course of the 
study the dogs were anesthetized with sodium perrtobarbitol and their body temperature maintained with heating pads 
to minimize glucose fluctuation. The insulin test samples (i.e., Lys(B28). Pro(B29) human insulin and human sodium 
insulin) were dissolved in distilled water and the pH of the solution was adjusted to 7.5 with sodium hydroxide. The 
final insulin concentration was 70 units per ml. An insulin dose of 0.8 units per kg of Lys(B28) l Pro(B29) human insulin 
was administered to each of eight dogs and similarly, a dose of 0.8 units per kg of human sodium insulin was admin- 
istered to each of four dogs. Ail doses were administered to the nasal cavity by delivering one spray per nostril with a 
metered-dose nebulizer and a modified nasal applicator. Blood samples were drawn from the jugular vein at 30, 15 
and 0 minutes before administration and at 10, 20, 30, 45, 60, 90, 120, 180 and 240 minutes after administration for 
the measurement of blood glucose reduction. The results erf this study are shown in Table IV. 

Table IVa 



Time (min) 



-30 
-15 
0 
10 
20 
30 
45 
60 
90 
120 
180 
240 



Lys(B28),Pro(B29}HumBnlnsulin (% of Initial) 



95.4 ±2.5 
982 ±2.8 
100 

95.4 ±2.1 

83.5 ±3.3 
72.2 ±4.5 

61.6 ±6.9 

60.0 ±6.0 
71.6 ±4.6 

76.1 ±3.7 
91.2±1.8 
85.4 ±2.7 



9 Blood Glucose levels: mean ± S.E.M. 



Human Sodium Insulin (% of Initial) 



101 £±2.4 
102.4 ±2.9 
100 

100.8 ±1.9 

96.0 ±2.1 
91 .6 ±2.8 

89.1 ±2.3 

93.6 ±4.5 

92.2 ±1.6 

91 .3 ±2.8 
93.8 ±1.8 

90.7 + 2.8 



[0247] Utilizing the protocol described above, a comparison of the blood glucose reduction profile of Lys(B28), Pro 
(B29) human Insulin via Intranasal administration was compared to both intravenous and subcutaneous administration 
ofthe analog as follows. For intravenous administration, the insulin solution containing the Lys(B28), Pro(B29) human 
insulin analog was administered by bolus injection (0.1 units per kg) into the saphenous vein of each of four dogs. 
Blood samples were drawn at 30, 15 and 0 minutes before administration and at 5, 10, 15, 20, 30, 45, 60, 90, 120, 180 
and 240 minutes after administration. For subcutaneous administration, the insulin solution containing the Lys(B28), 
Pro(B29) human insulin analog was administered beneath the epidermis (02 units per kg) of the outer side of the flank 
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of each of six dogs. Blood samples were drawn at the same protocol as described after nasal administration 
scribed above. The results of this comparative study are shown in Table IV. 



TABLE Va 



10 



lime imin/ 


I v (% of initian 


S.C. (% of Initial) 


Nasal (% of Initial) 


-30 


96.6 ±65 


95.6 ± 2.1 


85.4 ± Z.O 


-15 


101 .3 ±1.5 


98.7 ± 2.7 


no *1 -L. O D 


0 


100 


100 


100 


5 


99.9 ±2.5 


- 




10 


64.8 ±4.0 


99.2 ±4.8 


95.4 ±2.1 


15 


OO.l ± A./ 






20 


54.5 ±3.3 


91.9 + 2.4 


83.5 ±3.3 


30 


43.3 ±2.8 


81.6 ±3.0 


72.2 ±4.5 


45 




55.8 ±3.5 


61.6 ±6.9 


60 


55.3 ±3.1 


35.3 ±3.1 


60.6 ±6.0 


90 


77.2 ±6.4 


39.5 ±3.4 


| 71 .6 ±4.6 


120 


85.2 ±4.7 


36.1 ±2.6 


76.1 ± 3.7 


180 


97.1 ±6.4 


64.5 ±7.0 


91.2 ±1.8 


240 


100.0 ±9.6 


81 .3 ±2.4 


85.4 ±2.7 


a Blood 


glucose levels: me 


an±S.E.M. 
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Claims for the following Contracting States : AT, BE, CH, DE, DK, FR. CB, IT, LI. LU, NL, SE 

30 1. An insuOn analog of the formula 
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NH 2 
GI7 1 

I CHAIN A (I) 

Val* 

I 

10 h\M* * 8 S 

IS | 7 S 9 10 ll 13 16 14 18 16 17 16 19 80 21 
Gln-Cy«-Cya-Tlic-Ser-Ile-Cyfc.-Set-lett-Tyr-Gln-lcu-Glu-A8a-Tyr-Cy8-A-0H 

18 V I 

His-Leu-Cys-Gly — B B—Leu-VAl-Glu-Ala-Leu-Tyr-Ieu-Val-Cys * 

?! e 7 a^s 10 it 1* ia « is is it ia \U 

*> Gin 4 6ly 20 

B 3 Glu 21 

I CHAIN B I ^ 

B * Arg 22 

B 1 Z-Y-X-B— B—»^B^-TVr-Phe-Phc-Gly 23 

7 30 2$ 24 27 SS 25 24 



30 



I 

NH 2 



ora pharmaceutical^ acceptable salt thereof, wherein A2 1 is alanine, asparagine, aspartic acid, glutamlne, glutam- 
ic acid, glycine, threonine, or serine; B1 is phenylalanine, aspartic acid, or is absent B2 is valine or may be absent 
when B1 is absent; B3 is asparagine or aspartic acid; B9 is serine or aspartic acid; B10 Is hlstidine or aspartic acid ; 

36 B27 is threonine or is absent; B28 is any amino acid. B29 is L-proline, ^proline, D-hydroxyproline or L-hydroxy- 

proline; B30 is alanine, threonine or is absent; Z is -OH, -NH* -OCH3, or -OCHaCH* X is Arg, Arg-Arg, Lys, Lys- 
Lys, Arg-Lys, Lys-Aig, or is absent; and Y may be present only when X is present and, if present, is Glu or an 
amino acid sequence which comprises all or a portion of the sequence -Glu-Ala-GlunAsp-Leu-Gln-Vai-Gly-Gln- 
Val-Glu-Leu-Gly^ly-Gly4>.x^ and 

40 which begins at the N-terminus Glu ofsuch sequence; provided that when A21 is asparagine, B1 is phenylalanine, 
B2 is valine, B3 is asparagine, B9 is serine, B10 is hlstidine. B27 is threonine, B28 Is lysine, B29 Is L-proline, B30 
is threonine, X is absent and Y is absent, then Z is -NM*. -OCH 3 or -OCH^^ or a pharmaceutical^ acceptable 
salt thereof. 

46 2- The insulin analog as claimed in Claim 1 , in which X and Y are absent and Z is OH. 

3. The insulin analog as claimed in Claim 1 or 2, wherein B30 is threonine. 

4. The insulin analog as claimed in any one of Claims 1 to 3 wherein B28 is aspartic acid, valine, leucine, isoleucine, 
so norieucine, proline, alanine, hlstidine, dtrulOne, ornithine, lysine, phenylalanine, alanine or glycine. 

5. The insulin analog as claimed in any one of Claims 1 to 4 wherein B28 is aspartic acid, valine, leucine, isoleucine, 
norieucine, proline, arginine, histidine, ornithine or lysine. 

ss 6. The insulin analog as claimed in any one of Claims 1 to 5 wherein B28 is lysine. 

7. The insulin analog as claimed in any one of Claims 1 to 6 wherein B28 is lysine; B29 is L-proline; and B30 is 
threonine. 
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8. The insulin analog as claimed in any one of Claims 1 to 7 wherein A21 is alanine. 

9. The insulin analog as claimed in any one of Claims 1 to 8 wherein B1 is absent 

5 10. The insulin analog as claimed in any one of Claims 1 to 9 wherein B10 is aspartic acid. 

1 1 . The insulin analog as claimed in any one of Claims 1 to 10 wherein B2 is absent 

12. The insulin analog as claimed in Claim 11 wherein B10 is aspartic acid. 

10 

13. The insulin analog as claimed in any one of Claims 1 to 12 wherein B30 is absent. 

14. The insulin analog as claimed in any one of Claims 1 to 12 wherein B30 is alanine. 

is 15. A process for preparing a compound of Formula (1) and as defined in any one of Claims 1 to 14, which comprises: 

A) combining the Archain of a compound of Formula (I) in which A21 is as defined in Claim 1 , with the B-chain 
of a compound of Formula (I) in which B1, B2, B3, B9, B10, B27 p B28, B29 P B30, X, Y, and Z are as defined 
in Claim 1 to form the appropriate disulfide bonds; or 

20 

B) reacting a modified compound of Formula (I) lacking the peptide sequence beginning at B23 and in which 
A21 , B 1 , B2, B3, B9 and B1 0 are as defined in Claim 1 with a peptide having the sequence Gly-Phe-Phe-Typ- 
B27-B2B-B29-B30-X-Y-Z in which B27, B28, B29, B30, X, Y ( and Z are as defined in Claim 1 ; or 

25 C) cleaving a modified proinsulin molecule comprising the amino acid sequence of a compound of Formula 

(I) in which A21 , B1, B2, B3, B9, B10. B27, B28, B29, B30, X, Y, and Z are as defined in Claim 1 to remove 
all or a portion of the C-peptide from such modified proinsulin. 

18. A pharmaceutical formulation comprising, as an active ingredient, a compound of Formula (I) as claimed in any 
90 one of Claims 1 to 14, associated with one or more pharrnaceutically-acceptable carriers therefor. 

17. A compound of Formula (I) as claimed in any one of Claims 1 to 14, for use in the treatment of diabetes mellitus. 



35 Claims for the following Contracting State : ES 

1 . A process for preparing an insulin analog of the formula 
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10 



30 



55 



CXy* 

| CHABT A (O 

Val* 

filtt 4 , S 8- 



IB i T t t 10 ll I) » M li 10 i* « »» SO Si 
Cla-Cys-Cys-?ir-Ser-Ili!-Cy»-Ser-Ieu-Tyr-Gln-Ieu-Glu-Aso-Tyr-Cy»-A-OH 

^ f 

15 V I 

? 

In « w 

Js Clu " 

I CHAIN B I „ 

it An " 

25 I | 

a l Z-T-X-D B B B Tyr-Pha-Phe-Oly " 

J So 19 it li U as *4 

MH* 



or a pharmaceutlcally acceptable salt ther«)f P wherein A21 Isalanlne, asparagine, aspartic acid, glutamlne, glutam- 
ic acid, glycine, threonine, or serine; B1 is phenylalanine, aspartic acid, or is absent B2 Is valine or may be absent 
when B1 is absent; B3 is asparaglne or aspartic acid; B9 is serine or aspartic acid; B10 is hlstldine or aspartic acid; 

35 B27 is threonine or is absent; B28 is any amino acid, B29 is L-prollne, D-proline, D-hydroxyproline or L-hydroxy- 

proiine; B30 is alanine, threonine or is absent; Z is -OH, -NHjj, -OCri,, or -OCHaCH* X is Arg, Arg-Arg, Lys, Lys- 
Lys, Arg-Lys, Lys-Arg, or is absent; and Y may be present only when X Is present and, if present, is Glu or an 
amino acid sequence which comprises ail or a portion of the sequence -Glu-Ala-Glu-Asp-Leu-Gln-Val-Gly-Gln- 
Val^lu-Leu-Gry<31y^ly^ro-Gly-^ 8nd 

40 which begins at the N-terminus Glu of such sequence, provided that when A21 is asparagine, B1 is phenylalanine, 
B2 is valine, B3 is asparagine, B9 is serine, B10 Is hlstldine, B27 Is threonine, B28 is lysine, B29 is L-prollne, B30 
is threonine, X is absent and Y is absent, then Z is -NH* -OCHg or -OCHgCH^ which comprises 

A) combining the A-chain of a compound of Formula (I) in which A21 is as defined in Claim 1 , with the B-chain 
45 of a compound of Formula (I) in which B1, B2, B3, B9, B10, B27, B28, B29, B30, X, Y, and Z are as defined 

In Claim 1 to form the appropriate disulfide bonds; or 

B) reacting a modified compound of Formula (I) lacking the peptide sequence beginning at B23 and in which 
A21 , B1 p B2, B3, B9 and B10 are as defined in Claim 1 with a peptide having the sequence Gly-Phe-Phe-Typ- 

50 B27-B28-B29-B30-X-Y-Z in which B27, B26, B29, B30, X, Y, and Z are as defined in Claim 1; or 

C) cleaving a modified proinsulin molecule comprising the amino acid sequence of a compound of Formula 
(I) in which A21 , B1, B2. B3, B9, B10, B27, B28, B29, B30, X, Y, and Z are as defined in Claim 1 to remove 
all or a portion of the C-peptide from such modified proinsulin. 



2. A process as claimed in Claim 1, in which X and Y are absent and Z is OH. 

3. A process as claimed In Claim 1 or 2, wherein B30 Is threonine. 
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4. Aprrx»ss as darrein any crotf 

proline, arginine, histidine, citmlOne, ornithine, lysine, phenylalanine, elanine or glycine. 

5. A process as claimed in any one of Claims 1 to4 wherein B28 is aspartic acid, valine, leucine, isoleucine, norleucine, 
proline, arginine, histidine, ornithine or lysine. 

6- A process as claimed In any one of Claims 1 to 5 wherein B28 is lysine. 

7. A process as claimed in any one of Claims 1 to 6 wherein B28 is lysine; B29 is L-proline; and B30 is threonine. 

8. A process as claimed In any one of Claims 1 to 7 wherein A21 is alanine. 

9. A process as claimed in any one of Claims 1 to 8 wherein B1 is absent 

10. A process as claimed in any one of Claims 1 to 9 wherein B10 is aspartic acid. 

1 1 . A process as claimed in any one of Claims 1 to 10 wherein B2 is absent. 

12. A process as claimed in Claim 11 wherein B10 Is aspartic acid. 

13. A process as claimed in any one of Claims 1 to 12 wherein B30 is absent 

14. A process as daimed in any one of Claims 1 to 13 wherein B30 is alanine. 

Patentansprtiche 

PatentansprOcheliirlblgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1. Insullnanalogon der Formel 
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Oder ein pharmazeutisch annehmbares Salz hiervon, worin A21 fQr Alanin, Asparagin, Asparaginase, Glutamin, 
Glutaminsaure. Glycin, Threonin oder Serin steht, B1 fur Phenylalanin oder Asparaginsaure steht oder fehlt, B2 
fur \felin stent oder fehlen kann, wenn B1 fehit, B3 fQr Asparagin oder Asparagins&ure stent, B9 fur Serin oder 

35 Asparaginsaure stent, B10 fur Histidin odar Asparaginsaure steht B27 fur Threonin steht oder fehlt, B28 fur eine 

beliebige Aminosaure steht, B29 fur L-Prolin, D-ProDn, D-Hydraxyprolin oder L-Hydroxyproiin steht, B30 fur Alanin 
oder TTireonln steht oder fehlt, Z fur -OH, -NH* -OCH 3 oder -OCHzCHa steht, X fur Arg, Arg-Arg, Lys, Lys-Lys, 
Arg-Lys oder Lys-Arg steht oder fehlt und Y nur vorkommen karm, warm X vorkommt und falls es vorkommt fur 
Glu Oder eine Amlnosiluresequenz steht, die alias oder elnen Tell der fblgenden Sequenz umfaBt -GIu-Ala-Glu- 

40 Asp^-eu-Gln-WI-Gly-Gln-vy-Glu- 

Leu-Gln-Lys-Arg- und die am N -Terminus Glu einer soichen Sequenz begin nt, mrt der Mafigabe, daS wenn A21 
fur Asparagin steht, B1 fur Phenylalanin stent, B2 fur Valin steht, B3 fur Asparagin steht, B9 fQr Serin stent, B10 
fur Histidin steht, B27 fur Threonin steht, B28 fur Lysln stent, B29 fur L-Prolin stent, B30 fur Threonin steht, X fehlt 
und Y fehlt, Z dann fQr -NH* -OCH3 oder -OCH 2 CH3 stent, oder ein pharmazeutisch annehmbares Salz hiervon. 

45 

2- Insulinanalogon nach Anspnjch 1 , worin X und Y fehlen und Z fQr OH steht 

3. Insulinanalogon nach Anspruch 1 oder 2, worin B30 fur Threonin steht. 

so 4- Insulinanalogon nach einem der Anspruche 1 bis 3, worin B28 fur Asparaginsaure, Vaiin, Leucin, Isoleucin, Nor- 
leucln, Prolln, Arginln. Histidin, Citrullln, Ornithln, Lysin, Phenylalanin, Alanin oder Glycin steht. 

5. Insulinanalogon nach einem der Anspruche 1 bis 4, worin B28 fur Asparaginsaure, VWin, Leucin, Isoleucin, Nor- 
leucin, Prolin, Arginin, Histidin, Omithin oder Lysin steht. 



6. Insulinanalogon nach einem der Anspruche 1 bis 5, worin B28 fur Lysin steht. 

7- Insulinanalogon nach einem der AnsprOche 1 bis 6, worin B28 fQr Lysln steht, B29 «3r L-Prolin steht und B30 fQr 
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Thneonin steht 

8. Insulinanalogon nach einem der Anspruche 1 bis 7, worin A21 fur Alanin steht 
s 9. Insulinanalogon nach einem der Anspruche 1 bis 8, worin B1 fehlt. 

10. Insulinanalogon nach einem der AnsprOche 1 bis 9, worin B10 fQr Asparaginsaure steht 

1 1 . Insulinanalogon nach einem der Anspruche 1 bis 10, worin B2 fehlt 

10 

12. Insulinanalogon nach Anspruch 11, worin B10 fur Asparaginsaure steht 

13. Insulinanalogon nach einem der AnsprOche 1 Ms 12, worin B30 fehlt 

15 14. Insulinanalogon nach einem der Anspruche 1 bis 12, worin B30 fur Alanin steht 

15. Verfahren zur Herstellung einer Verbindung der Formel (I) nach einem der Anspruche 1 bis 14, gekenrwelchnet 
dirndi: 

20 A) Kombinatlon der A-Kette einer Verbindung der Formel (I), worin A21 wie In Anspruch 1 deflnlert ist, mit der 

B-Kette einer Verbindung der Formel (I), worin B1, B2 f B3, B9, B10, B27, B28, B29. B30, X, Y und Z wie In 
Anspruch 1 definiert sind unter Bildung der geeigneten Disuifidbindungen, oder 

B) Umsetzung einer modifizierten Verbindung der Formel (I), der die Peptidsequenz fehlt, die bei B23 beglnnt 
25 und worin A21 , B1 , B2, B3, B9 und B10 wie in Anspruch 1 definiert sind, mit einem Peptid der Sequenz Gly- 

Phe-Phe-Tyr-B27-B28-B29-B3f>X-Y-Z, worin B27, B28, B29, B30, X, Y und Zwie in Anspruch 1 definiert sind, 
Oder 

C) Spartung eines modifizierten Proinsulinmolekuls, das die Aminosauresequenz einer Verbindung der Formel 
30 (I) umfaGt, worin A21 , B1 , B2, B3, B9, B10, B27, B28, B29, B30, X, Y und Z wie in Anspruch 1 definiert sind, 

unter Errtfemung des gesamten C-Peptids oder eines Tells hiervon aus einem solchen modifizierten Prdnsulin. 

16. Pharmazeutische Formulierung, die als Wirkstoff eine Verbindung der Formel (I) nach einem der Anspruche 1 bis 
14 zusammen mit einem oder mehreren pharmazeutisch annehmbaren Tragem hierfQr enthfiit 

35 

17. Verbindung der Formel (I) nach einem der Anspruche 1 bis 14 zur Verwendurtg bei der Behandlung von Diabetes 
mellitus. 



40 PatentansprGcho fUr fo I gen den Vertragsataat : ES 

1 . Verfahren zur Herstellung eines InsuGnanalogons der Formel 
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oderelnes pharmazeutisch annehmbaren Salzes hlervon, worin A21 1Dr Alanin, Asparagln, Asparaginase, Glut- 
amic Glutaminsaure, Glycin, Threonin oder Serin stent, B1 fur Phenylalanin oder Asparaginsaure steht oder fehlt, 
B2 fQr \felln steht oder fehlen kann, wenn B1 fehlt, B3 ffOr Asparagin oder Asparagin sSure steht, B9 fiir Serin oder 

36 Asparaginsaure stent, B10 fur Histidin oder Asparaginsaure steht, B27 fur Threonin steht oder fehlt, B28 fur eine 

beliebige Aminosaure stent, B29 fur L-Prolin, D-ProDn, D-Hydroxyprolin oder L-Hydroxyprolin steht, B30 fur Alanin 
oder TTireonin steht oder fehlt, Z fur -OH, -Nr^, -OCH3 oder -OCH2CH3 steht, X fQr Arg, ArgnArg, Lys, Lys-Lys, 
Arg-Lys oder Lys-Arg steht oder fehlt und Y nur vorkommen kann, wenn X vorkommt und falls es vorkommt fur 
Glu oder eine AminosSuresequenz steht, die alles oder einen Tell der Wgenden Sequenz umfeBt -Glu-Ala-<3lu- 

40 Asp^eu-Glri-V&l-Gly-GlrvVal-G^ 

Leu-Gln-Lys-Arg- und die am ISI-Terminus Glu elner solchen Sequenz beglnnt, mlt der Mafigabe, daS wenn A21 
fQr Asparagin steht. B1 fur Phenylalanin stent, B2 fur \felin steht, B3 Wr Asparagin steht, B9 fur Serin stent, B10 
fur Histidin steht, B27 fur Threonin steht, B28 fOr Lysin stent, B29 fur L-Prolin stent, B30 fQr Threonin steht, X fehlt 
und Y fehlt, Z dann fur -NH* -OCHg oder -OCH2CH3 steht, gekennieichnet durch 

45 

A) Komblnation der A-Kette einer Verblndung der Formel (I), worin A21 wie oben 1st, mlt der B-Kette elner 
Verbindung der Formal (I), worin B1, B2, B3, B9, B10. B27, B28, B29, B30, X, Y und Z wie in Anspruch 1 
definiert sind unter Bildung der geeigneten Disulffdbindungen, oder 

so B) Umsetzung einer modifizierten Verbindung der Formel (I), der die Peptidsequenz fehlt, die bei B23 beginnt 

und worin A2 1 , B1 , B2, B3, B9 und B10 wie oben definiert sind, mlt einem Peptld der Sequenz Gly-Phe-Phe- 
Tyr-B27-B28-B29-B30-X-Y-Z. worin B27, B28, B29, B30, X, Y und Z wie in Anspnjch 1 definiert sind, oder 

C) Spaltung eines modifizierten Proinsulinmolekuls, das die Aminosauresequenz einer Verbindung der Formel 
55 (I) umfattt, worin A21. B1, B2, B3, B9, B10, B27, B28, B29, B30, X, Y und Z wie oben definiert sind, unter 

Entfemung des gesamten C-Peptids oder eines Teils hiervon aus einem solchen modifizierten Proinsulin. 

2. Verfahren nach Anspruch 1 , worin X und Y fehlen und Z fQr OH steht 
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3. Verfahren nach Anspruch 1 oder 2, worin B30 fur Threortin stent. 

4. Verfahren nach einem der Anspruche 1 bis 3, worin B28 fur Asparaginsaure, Valin, Leucin, Isoteucin, Norleucin, 
ProOn, Arginin, Histicfin, Citrullin, Omithin, Lysin, Phenylalanin, Alanin oder Glycin stent. 

s 

5. Verfahren nach einem der Anspruche 1 bis 4, worin B28 fur Asparaginsaure, Valin, Leucin, Isoleucin, Norleucin, 
ProOn, Arginin, Histidin, Omiihin oder Lysin steht 

6. Verfahren nach einem der Anspruche 1 bis 5, worin B28 fur Lysin steht. 

10 7. Verfahren nach einem der Anspruche 1 bis 6, worin B28 fur Lysin steht, B29 fur L-Proiin steht und B30 fur Threonin 
stent. 

6. Verfahren nach einem der Anspruche 1 bis 7, worin A21 fur Alanin steht. 

15 

9. Verfahren nach einem der Anspruche 1 bis 8, worin B1 fehlt 

10. Verfahren nach einem der Anspruche 1 bis 9, worin BIO fur Asparaginsaure steht 
20 11. Verfahren nach einem der Anspruche 1 bis 1 0, worin B2 fehlt 

12. Verfahren nach Anspruch 11 , worin B10 fur Asparaginsaure steht. 

13. Verfahren nach einem der Anspruche 1 bis 12, worin B30 fehlt. 

25 

14. Verfahren nach einem der Anspruche 1 bis 1 3, worin B30 fur Alanin stent 



Revendications 

30 

Revendications pour les Etats contractants sulvante : AT, BE, CH, DE, DK, FR, GB, IT, U, LU, NL, SE 

1. Analogue d'insuline repondanf d la formule 

35 



40 



45 



SO 



55 



47 



EP 0 678 522 B1 



Cly* 

| CHAINEA (I) 
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ou un da ses sets pharmaceutiquernerit aoceptables, dans lequel A21 represents I'alanine, I'asparagine, I'aclda 
aspartique, la glutamlne, Paclde glutamique, la glycine, la threonine ou la serine; B1 represente la phenylalanine, 
raclde aspartlque ou est absent; B2 represente la valine ou petit fetre absent lorsque B1 est absent; B3 represente 
I'asparagine ou racide aspartique; B9 represente la serine ou I'acide aspartique; B10 represente I'histidine ou 
raclde aspartique; B27 represente la threonine ou est absent ; B28 represente nlmporte quel acide amlnd; B29 
represente la L-proIine, la D-proline, la EWiydroxyproline ou la L-hydroxyproline; B30 represente Palanine, la threo- 
nine ou est absent; Z represente un groupe -GH, un groupe -NH* un groupe -OCH 3 ou un groupe -OCHjCHg; X 
represente Arg, Arg-Arg, Lys, Lys-Lys, Arg-Lys, Lys-Arg ou est absent; etY petit elre present uniquement lorsque 
X est present et, s'il est present, represente Glu ou une sequence d'acides amines qui oomprend la totaliie ou une 
portion de la sequence -Glu-Ala-Glii-Asr>Leu-Glr^ 

Leu-Gln-Pro-Leu^a-Leu<3lu-Gry-Ser-LeihGlr>Lys-Arg- et qui commence au residu Glu de rextr6mtt6 N-termi- 
naie de ladrte sequence; k condition que, lorsque A21 represente I'asparagine, B1 represente la phenylalanine, 
B2 represente la valine, B3 represente I'asparagine, B9 represente la serine, B10 represente rhistidine, B27 re- 
presente la threonine, B28 represente la lysine, B29 represente la L-proline, B30 represente la threonine, X est 
absent etY est absent, Z represente un groupe -NHa, un groupe -OCH 3 ou un groupe -OCH2CH3; ou un de ses 
sels pharmaceutiquement acceptable*. 

2. Analogue d'insuline selon la revendication 1 , dans lequel X et Y sont absents et Z represente un groupe OH. 

3. Analogue d'insuline selon la revendication 1 ou 2, dans lequel B30 represente la threonine. 

4. Analogue dlnsullne selon Tune queloonque des reventfcations 1 d 3, dans lequel B28 represente I'acide asparti- 
que, la valine, la leucine, Rsoleucine, la norleucine, la proline, Parginine, rhistidine, la citrulline, I'ornithine, la lysine, 
la phenylalanine, I'alanine ou la glycine. 

5. Analogue d'insuline selon rune quelconque des revendications 1 & 4, dans lequel B28 represente I'acide asparti- 
que, la valine, la leucine, Tisoleucine, la norleucine, la proline, Targinine, rhistidine, romithine ou la lysine. 

6. Analogue d'insuline selon rune quelconque des revendications 1 d 5, dans lequel B28 represente la lysine. 
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7. Analogue d'insuline selon I'une quelconque das revendications 1 a 6, dans lequel B28 represente la lysine; B29 
represente la L-proline; et B30 represente la threonine. 

8. Analogue d'insuline selon rune quelconque des revendications 1 k 7 P dans lequel A21 represente ralanine. 

5 

9. Analogue d'insuline selon rune quelconque des revendications 1 a 8, dans lequel B1 est absent. 

10. Analogue d'insuline selon I'une quelconque des revendications 1 k 9, dans lequel B10 represents I'acide aspartl- 
que. 

w 

11. Analogue d'insuline selon rune quelconque des revendications 1 a 10, dans lequel B2 est absent 

12. Analogue d'insuline selon la revendlcation 11, dans lequel B10 represente I'acide aspartique. 

is 13. Analogue d'insuline selon I'une quelconque des revendications 1 a 12, dans lequel B30 est absent 

14. Analogue d'insuline selon I'une quelconque des revendications 1 k 12, dans lequel B30 represente I'alanine. 

15. Precede pour preparer un compost nlpondant a la formula (I) et tel que detini dans Fune queloonque des reven- 
20 di cations 1 6 14, qui oomprend le fait de 

A) combiner la chaTne A (fun compose nlpondant k la formule (I) dans lequel A21 est tel que detini k la 
revendication 1 , avec la chaTne B d'un compose repondant £ la formule (I) dans laquelle B1 , B2, B3, B9, B10, 
B27, B28, B29, B30, X, Y et Z sont tels que definis a la revendication 1, pour former les liaisons disulfure 

26 appropriees; ou 

B) faire reagir un compose modifi£ repondant k ia formule (I) qui ne possede pas la sequence peptidique qui 
commence k B23 et dans lequel A21, B1, B2, B3, B9 et B10 sont tels que definis k la revendication 1 , avec 
un peptide poss6dant la sequence Gly-Phe-Phe-Tyr-B27-B28-B29-B30-X-Y-Z dans laquelle B27, B28, B29, 
B30, X, Y et Z sont tels que definis a la revendication 1 ; ou 

30 C) cliver une molecule modifiee de proinsuline oomprenant la sequence d'acides amines d'un compose re- 

pondant k la formule (I) dans lequel A21, B1, B2, B3, B9, B10, B27, B28, B29, B30, X, Y et Z sont tels que 
definis k la revendication 1 dans le but d'eilmlner ia totalitfe ou une portion du peptide C d'une telle proinsuline 
modifiee. 

55 16. Formulation pharmaceutique oomprenant, k titre d'ingr6(fient actif, un compose repondant k la formule (I) selon 
I'une quelconque des revendications 1 k 14, en association avec un ou plusieurs supports pharmaceutiquement 
acceptables pour le compose. 

17. Compose repondant k ia formule (I) selon I'une quelconque des revendications 1 k 14, k utillser dans le traltement 
40 du diabete sucr6. 



Revendications pour CEtat contractant suivant : ES 
45 1. Proc6de pour preparer un analogue d'insuline repondant k la formule 
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ou un de ses sets phermaceutiquement acceptables, dans lequel A21 represent© ('alanine, I'asparagine, I'acide 
aspartique, la glutamlne, I'acide glutamique, la glycine, la threonine ou la serine; B1 represente la phenylalanine, 
Paclde aspartique ou est absent; B2 represente la valine ou pent etre absent lorsque B1 est absent; B3 represente 
I'asparagine ou I'acide aspartique; B9 represente la serine ou I'acide aspartique; B10 represente i'histidine ou 
I'acide aspartique; B27 represente la threonine ou est absent ; B28 represente n'importe quel acide amine; B29 
represente la L-proline, la D-proline, la D-hydroxyproline ou la L-hydroxyproline; B30 represente ('alanine, la threo- 
nine ou est absent; Z represente un groupe -OH, un groupe -NHj, un groupe -OCH 3 ou un groupe -OCr^CHg; X 
represente Arg, Arg-Arg, Lys, Lys-Lys, Arg-Lys, Lys-Arg ou est absent; et Y petit etre present uniquement iorsque 
X est present et, s'il est present, represente Glu ou une sequence d'acides amines qui comprend la totalite ou una 
portion de la sequence ^lu-Ala-Glu-Asp-Leu^rvWI-^^ 

Le u-Gln-Pro-Leu-Al a- Leu -G I u-Gly-Ser-Leu-G In- Lys-Arg - et qui commence an residu Glu de rextremite N-termi- 
nale de ladrte sequence; k condition que, lorsque A21 represente I'asparagine, B1 represente la phenylalanine, 
B2 represente la valine, B3 represente rasparagine, B9 represente la serine, B10 represente Phistidine, B27 re- 
presente la threonine, B28 represente la lysine, B29 represente la L-proline, B30 represente la threonine, X est 
absent et Y est absent, Z represente un groupe -NH^ un groupe -OCHg ou un groupe -OCH2CH3; qui comprend 
lefeitde 

A) combiner la chatne A cfun compose repondant a la formule (I) dans lequel A21 est tel que defini a la 
revendication 1 , avec la chatne B d\jn compose repondant a la formule (I) dans laquelle B1 , B2, B3, B9, B10, 
B27, B28, B29, B30, X, Y et Z sont tels que definis & la revendication 1, pour former les liaisons disulfure 
appropriees; ou 

B) faire reagir un compose mocDfie repondant k ia formule (I) qui ne possede pas la sequence peptidique qui 
commence a B23 et dans lequel A21 , B1 , B2, B3, B9 et B10 sont tels que definis a la revendication 1 , avec 
un peptide possedant la sequence Gly-Phe-Phe-Tyr-B27-B28-B29-B30-X-Y-Z dans laquelle B27, B28, B29, 
B30, X, Y et Z sont tels que define k la revendication 1 ; ou 

C) diver une molecule modifiee de proinsuline comprenant la sequence cTacides amin6s d*un composfe re- 
pondant a la formule (I) dans lequel A21, B1, B2, B3. B9, B10, B27, B2B, B29, B30, X, Y et Z sont tels que 
definis a la revendication 1 dans le but d'eiiminer la totalite ou une portion du peptide C cfune telle proinsuline 
modifiee. 
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2. Precede salon la revendication 1 , dans lequel X at Y sont absents at Z represents un groupe OH. 

3. Precede selon la revendication 1 ou 2, dans lequel B30 represente la threonine. 

5 4. Precede selon Pune quelconque des revendications 1 k 3, dans lequel B28 represente racide aspartique, la valine, 
la leucine, Hsoleucine, la norieucine, la proline, I'arginine, I'histidine, la citrulline, ^ornithine, la lysine, la phenyla- 
lanine, Palanine ou la glycine. 

5. Precede selon Tune quelconque des revendications 1 k 4, dans lequel B28 represente I'acide aspartique, la valine, 
10 (a leucine, llsoleucine, la norieucine, la proline, I'arginine, I'histidine, I'omithine ou la lysine. 

6. Precede selon I'une quelconque des revendications 1 a 5, dans lequel B28 represente la lysine. 

7. Precede selon Tune quelconque des revendications 1 k 6, dans lequel B28 represente la lysine; B29 represente 
15 la L-proline; at B30 represente la threonine. 

8. Precede selon i'une quelconque des revendications 1 k 7, dans lequel A21 represente I'alanine. 

9. Precede selon I'une quelconque des revendications 1 * 8, dans lequel B1 est absent. 

20 

10. Precede selon I'une quelconque des revendications 1 6 9, dans lequel B10 represente I'acide aspartique. 

11. Precede selon I'une quelconque des revendications 1 k 10, dans lequel B2 est absent 
25 12. Precede selon la revendication 11 , dans lequel B10 represente I'acide aspartique. 

13. Precede selon I'une quelconque des revendications 1 k 12, dans lequel B30 est absent. 

14. Precede selon I'une queloonque des revendications 1 a 13, dans lequel B30 represente I'aianine. 
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FIG. I 

Restriction Site and Function Map of 

Plasmid pKC283 
(-9.1 kb) 



EcoRI 




Sac I 



52 



EP 0 678 522 B1 



FIG.2 

Restriction Site and Function Map of 
Plasmid pKC283PX 
(-6.1 kb) 




S3 
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FI6.3 

Restriction Site and Function Map of 
Plasmid pKC283-L 
(-5.9 kb) 
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FI6.4 

Restriction Site and Function Map of 
Plasmid pKC283-LB 
(-5.9 kb) 
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FIG.5 

Restriction Site and Function Map of 
Plasmid pKC283PRS 
(-4.0 kb) 
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FIG. 6 

Restriction Site and Function Map of 

Plasmid pL32 
(-3.9 kb) 
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FIG.7 

Restriction Site and Function Map of 
Plasmid pNM789 
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FIG. 8 
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FIG.9 

Restriction Site and Function Map of 

Plasmid pL47 
(-4.5 kb) 
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FIG. 10 

Restriction Site and Function Map of 

Piasmid pPR12 
(-5.1 kb) 
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FIG. 1 1 

Restriction Site and Function Map of 
Plasmid pPR12AR1 
(-5.1 kb) 
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FIG.I2 

Restriction Site and Function Map of 

Plasmid pL110 
(-6.6 kb) 
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FIG.I3 
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FIG, 1 4 

Restriction Site and Function Map of 
Piasmid pCZR126S 




pCZR126S 
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FI6.I5 

Hiudlll Ndel Dralll 
' ^ AGCTTC AT ' ATGTATTTTGTTAACCAACACCTGTGCGGCTCCC ACCTG ' GTGGAAGCTCT 
ACTA TACATAAAAC AATTGGTTGTGG AC ACGC CGAGGGTGGAC CACCTTCGAGA 

GTACCTGGTGTGCGGTGAACGTGGCTTCTTCTACACCCCGAAGACCCGCCGTGAGGCA 
CATGGACCACACGCCACTTGCACCGAAGAAGATGTGGGGCTTCTGGGCGGCACTCCGT 
Avail Xmal 
GAG ' GACCTGC AGGTGGGTC AGGTGGAGCTG GGCGGT GGC ' CCGGGTGCAGGCAGCCTGC 
CTC CTCGACGTCCACCCAGTCCACCTCGACCCGCCACCG GGCCCACGTCCGTCGGACG 

AGCCGCTGGCCCTGGAGGGTTCCCTGCAGAAGCGTGGCATTGTGGAACAATGCTGTAC 
TCGGCGACCGGGACCTCCCAAGGGACGTCTTCGCACCGTAACACCTTGTTACGACATG 

BamHI 

CAGCATCTGCTCCCTGTACC AGCTGGAGAACTACTGC AACTAG ' GATCCG 3 ' 

GTCGTAGACGAGGGACATGGTCGACCTCTTGATGACGTTGATC CTAGGCTTAA | 5' 

EcoRI 
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FIG.I6 

Restriction Site and Function Map of 
Piasmid pRB145 
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FI6.I7 

Restriction Site and Function Map of 
Plasmid pRB164A 
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FIG.I8 

Restriction Site and Function Map of 
Plasmid pRB172 
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FIG.I9 

Restriction Site and Function Map of 
Piasmid pRB173 
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FIG. 20 

Restriction Site and Function Map of 
Plasmid pRB175 
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